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REMARKS 

Claims 30, 31, 32. 44, 45» and 46 have been cancelled. Claims 1-29, 33- 
43, and 47-53 are now pending in tlie application. Claims 1, 3, 4, 6, 8, 11, 12, 
13. 14, 15. 16, 17, 18, 19. 20, 21, 22, 23, 25, 27, 33, 34, 35, 36, 37, 40, 41, 42, 
43» 47, 48. and 49 have been amended. New claims 50, 51, 52, and 53 have 
been added. No new matter has been added by amendment Reexamination 
and reconsideration of the claims as amended are respectfully requested. 

Claim Objections 

1. The Examiner objects to claims 8 and 27 for being in improper form 
because a multiple dependent claim should refer to other claim in the alternative 
only. Claims 8 and 27 have been amended and are now in proper form. 

Claim Rejections - 35 USC § 112, second paragraph 

2. The Examiner rejects claims 1-49 under 35 U.S.C. 1 12 second paragraph, 
as being indefinite for failing to particularly point out and distinctly claim the 
subject matter which applicant regards as the invention. 

The Examiner rejects claims 1, 6, 12, 14. 21, 25, 31, 33, 37. 40-42, and 
44-46 and the claims that are dependent thereon as indefinite due to the 
recitation of TH7JB The Examiner states that, "Amending claims 1 , 6, 21. 25, 
~37; ~and"4t)~tD~recite^he-ATGe-depQsit-numberJn-wbich^saed Inbred lin g 

PH7JB has been deposited would overcome the rejection." Claims 1, 6, 21, 25, 
37, and 40 have been so amended and the ATCC deposit receipt is attached to 
this response. 

The Examiner rejects claims 3 and 22 for the recitation of "wherein the 
plant is male sterile". The Applicants traverse the rejection but have amended 
the claims for clarification purposes and to expedite prosecution. Claim 3 has 
been amended by replacing "male sterile" with --detasseled- as suggested by 
the Examiner. The Examiner suggests that a new claim be directed towards a 
method of producing a male sterile maize plant comprising transfomiing the 
maize plant of claim 2 with a nucleic acid that confers male sterility, and another 
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claim directed toward the male-sterile plant produced by the method of 
transforming. Claim 22 has been amended and now reads, "The maize plant of 
claim 2, wherein genes controlling male sterility have been transfen^ed into said 
maize plant through crossing, wherein PH7JB is a recurrent parent, and wherein 
said plant has essentially the same morphology and physiology of inbred maize 
line PH7JB other than the trait of male sterility." Starting on page 1, line 35 and 
going through line 14 of page 3 of the specification it states that various genes, 
nuclear and cytoplasmic, have been used to control sterility in maize plants. In 
the specification on page 4, lines 7-13, it states, **Backcrossing can be used to 
transfer a specific desirable trait from one inbred or source to an inbred that 
lacks that trait. This can be accomplished, for example, by first crossing a 
superior inbred (recurrent parent) to a donor inbred (non-recurrent parent), that 
canries the appropriate gene(s) for the trait In question. The progeny of this 
cross is then mated back to the superior recurrent parent followed by selection in 
the resultant progeny for the desired trait to be transferred from the non- 
recurrent parent." The technique of backcrossing male sterility genes into an 
Inbred maize plant is well known and well understood to one of ordinary skill in 
the art. The technique has been successively used since the 1950's (see pages 
585-586 of Wych, 1988 included in the Infonmation Disclosure Statement), The 
amendments contain no new matter. The Applicants request reexamination and 

reconsideration oflhe^taimsaFamgr^^ — — ~ — 

The Examiner rejects claims 5 and 24 because there Is no antecedent 
basis for "protoplasts". The Applicants have amended claims 4 and 23. The 
claims now read, "A tissue culture of regenerable cells or orotoplasts from the 
plant of claim 2 {21}." Thus the term "protoplasts" in claims 5 and 24 which 
depend from claims 4 and 23 respectively, has proper antecedent basis. The 
amendments place the claims in condition for allowance. 

The Examiner rejects claims 14, 33, 41, 45, and 46 because they contain 
temns such as "high," and "above average" which "do not reasonably apprise one 
of the scope of the invention." Claims 45 and 46 have been cancelled. Claims 
33 and 41 have been amended and no longer include such tenms or traits. 
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Claim 14 has been amended and no longer Includes such temis as "high" and 
"above average". Claim 14 now reads, "A maize plant, or parts thereof, wherein 
at least one ancestor of said maize plant Is the maize plant of claim 2, said 
maize plant expressing a combination of at least two PH7JB traits which are not 
significantly different from PH7JB traits when determined at a 5% significance 
level and when grown in the same environmental conditions, said PH7JB traits 
selected from the group consisting of: a relative maturity of 99 based on the 
Comparative Relative Maturity Rating System for hardest moisture of grain, grain 
yield, cold test results, and resistance to Northern Leaf Blight" Applicants point 
out that claim 14 has been amended to clearly define the traits of PH7JB that 
could be found in a maize plant produced from PH7JB. Applicants have 
amended the claim using the tenm "not significantly different from PH7JB traits 
when determined at a 5% significance level..." as a definitive term. In the 
specification pages 38-54, the tables show mean trait values. The standards 
against which the listed traits should be compared are the mean values for those 
traits exhibited by PH7JB or a maize plant produced from PH7JB in a side-by- 
side comparison or under other similar environmental conditions. For example, 
on page 36 lines 17-19 of the specification it discusses that inbred PH7JB 
produces significantly higher grain yield than inbred PHP02 when both inbreds 
are crossed to the same tester lines. Applicants also point out that one of 
ordiriary^irirTtRe^^fpIa^^ 

two (nbred maize lines to detenmine If they are not significantly different to a 5% 
significance level in the expression of a given trait. On pages 275-276 in 
Principles of Cultivar Development (1987) Fehr writes Two or more independent 
comparisons of lines in a test provide a means of estimating whether variation in 
perfonmance among lines is due to differences in genetic potential or to 
environmental variation." A copy of Fehr, pages 261-286, is attached to this 
Amendment and Request for Reconsideration as Appendix A . As was done by 
the Applicants in the specification, mean trait values would be used to determine 
whether the trait differences are significant. Further, the claim, as amended, 



11 



Received from < 515 334 6883 > at 1(6103 5:114:50 PM [Eastern Standard Time] 



01/08/03 MON 17;0a FAX 6883 PIONEER HI-BRED il019 



SN: 09/759^800 



requires that the traits be measured on plants grown in the same environmental 
conditions. 

The Examiner rejects claims 16 and 35 because of improper antecedent 
basis and has suggested that the recitation "com plant breeding program" be 
replaced with -method-. Claims have been amended as suggested by the 
Examiner thus placing them in condition for allowance. 

The Examiner has rejected claims 19. 20, 48 and 49 for improper 
antecedent basis. Claims 19, 20, 48 and 49 have been amended and are now in 
proper form for allowance. 

The Examiner rejects claim 40 because of the recitation of the word 
"comprising". The Examiner states that the claim is indefinite because it "does 
not clearly indicated how many crosses are to be performed by the method." 
Claim 40 has been amended to specify the first generation (F1) plant. 
Dependent claim 41 has also been amended to reflect the change in claim 40. 



Claim Rejections - 35 (JSC § 112, first paragraph 

3. The Examiner rejects claims 9-20, 28-39, 41-49 are rejected under 35 
U.S.C. 112, first paragraph, as containing subject matter which was not 
described in the specification In such a way as to reasonably convey to one 
skilled in the art that the Inventors, at the time the application was filed, had 
possessiorToTthe^^ 

The Examiner rejects claims 9, 10. 28. and 29 that are directed to F1 
hybrids produced with PH7JB as a parent. Applicants note that a claim to the F1 
hybrid made with a deposited inbred was expressly acknowledged without 
reseivation by the United States Supreme Court In J.EM Ag, Supply, Inc. v. 
Pioneer Hi-Bred Intl Inc., 60 USPQ 2d 1865,1873 (S.Ct. 2001). when the 
Supreme Court wrote, "...a utility patent on an inbred plant line protects the line 
as well as ail hybrids produced by crossing that inbred with another plant line.** 

Furthermore, one of ondinary skill in the art would know if they were using 
or one could easily identify if they were using PH7JB. All F1 plants would have 
essentially the same genetic markers as the deposited PH7JB, It is welt known 
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to anyone skilled in the art that a hybrid has a genome with one set of the alleles 
from each inbred. Therefore th . g . netic profile exhibited in the deposit would be 
exhibited in the hybrid. As stated in the specification on page 16. tines 8-23, 
there are many laboratory-based techniques available for the analysis 
comparison and characterization of plant genotype such as Restriction Length 
Polymorphisms (RFLPs) and Simple Sequence Repeats (SSRs). Such 
techniques have been known for some time and may be used to identify whether 
or not PH7JB was used to develop a hybrid. Applicants also submit to the 
Examiner the journal article by Berry et al. (2002). This article discusses the 
probability of identifying the parents of the hybrid by SSR data when neither 
parent is l^nown. A copy of article by Berry et al. is attached to this Amendment 
and Request for Reconsideration as Appendix B. The results of the experiment 
showed that using 100 SSR loci markers resulted in corect parental ranking of 
inbreds for 53 out of 54 hybrids. Applicants also point out that any breeder of 
ordinary skill In the art will know the identity of both parents used to produce a 
hybrid. 

The Examiner broadly rejects product claims encompassing any 
modification of PH7JB, no matter how minor the modification or routine the 
modification is for a breeder of ordinary skill in the art to make. 

. As noted in the specification, the development of an inbred line is a time 

consuming and labor intensive activity? ~0n~averagerbetween-4 0,000 Jo.2Q,P00^ 
lines are created and screened in order to develop any maize inbred line for 
which Applicants file a patent application. Once developed, the Inbred line is 
useful for two purposes: (1) to make commercial hybrids, and (2) as a source of 
breeding material for the development of new Inbreds that retain its desired 
characteristics. A breeder desiring to make a line with similar traits to PH7JB 
would be greatly advantaged by being able to use PH7JB as starting material. 
This is because the linked genes arranged through Applicants' breeding efforts, 
and fixed in PH7JB, can be maintained in the progeny of PH7JB by a breeder of 
ondinary skill in the art. For example, if a breeder of ordinary skill in the art 
desired an earty maturity version of PH7JB, the breeder could cross PH7JB to an 
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earlier maturing variety, select for progeny with at least two desired PH7JB traits 
that also express early maturity, and continue selecting for the traits of PH7JB 
combined with earty maturity. Optionally, the breeder could backcross to PH7JB 
to obtain further genetic contribution from PH7JB. The end result is the 
development of an inbred line with substantially all of the benefit of Applicants* 
work but with only a fraction of th© effort. 

Specifically, in rejecting the claims for lack of written description, the 
Examiner states, "the specification also does not describe the plants produced 
by the com breeding programs, transgenic PH7JB plants. PH7JB plants 
comprising single gene conversion(s), or by crosses wherein at least one 
ancestor is the corn variety PH7JB, other than PH7JB/PH54M, The 
morphological and physiological traits of the com plants that are crossed with 
PH7JB, and with progeny of that cross, are unknown, and the description of 
progeny and descendents of corn plant PH7JB are unknown. The description of 
PH7JB is not indicative of the description of plants and seed produced by the 
breeding programs and crosses, or any of its descendents. The claimed 
Invention also encompasses plants that express at least two of the 'PH7JB traits' 
listed in claims 14, 33, 41, 45. and 46. However, to say that a plant expresses 
two traits of another plant is not sufficient Information to describe that plant, as 
numerous com plants express at least two of the same traits as those expressed 
by PHTJBTTwo^larftTraits-da not-provide-any^de^ of the other traits of 

the plant It is possible that the claimed plants Inherited the genes governing 
those traits from an ancestor other than plant PH7JB. For, example, Piper (U.S. 
Patent No. 6,188,001) describes a corn plant, designated PH1W0,* which has at 
least two traits in common with PH7JB, high yields, above average cold test 
results and adapted to the Northcentral region of the United States, for example 
(col. 10, lines 50-62). The instantly claimed corn plants could have PHI WO as 
an ancestor, as well as PH7JB, in which case the dry down and flowering traits, 
for example, could have been inherited from PH1W0. The claims also 
encompass plants that do not have to express any of the traits that are 
expressed by PH7JB.'* 
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prior art. Stated another way, a patent applicant must comply with 35 U.S.C. 
112, second paragraph^ but just how the applicant does so, within reason, is 
within applicant's discretion," Id. at 1386. 

Applicants have amended claims 17» 33 and 36 to limit the progeny 
covered to those within a pedigree distance of two crosses away from PH7JB. 
Claim 41 is limited to one cross away from PH7JB by virtue of dependency. 
Within the plant breeding arts breeders use pedigree as a means to characterize 
lines in reference to their progenitors. To those of ordinary sl<ill in the art, this 
indicates that a line fewer crosses away from a starting line will be, as a whole, 
more highly related to the starting line. Thus, the work of the original breeder in 
developing the starting line will be retained in the closely related progeny. More 
specifically, traits and linkage groups present in PH7JB will be retained in 
progeny that are within 2 outcrosses from PH7JB. Applicants submit that 
characterization of the progeny of PH7JB by virtue of their filial relationship is 
clearly within reason. Not only are filial descriptions used by breeders to 
evaluate materials for use in their breeding programs, but it is standard practice 
within the plant breeding industry for licensor's of inbred maize lines to retain a 
royalty from lines developed through the use of their inbreds. Those royalties 
are, in almost all cases, based on the filial relationship between the licensed 
inbred used in breeding and the progeny line commercialized. This provides 
evidence thSlhose^f^orain^^ 
in terms of pedigree. 

Applicants also note that the mere fact that the progeny have not been 
created does not prevent them from being patented. As stated in MPEP 2163 
(3) (a), "An Invention may be complete and ready for patenting before it has 
actually been reduced to practice.** As stated in the written description guidelines 
"an applicant shows possession of the claimed invention by describing the 
claimed invention with all its limitations using such descriptive means as words, 
structures, figures, diagrams, and formulas that fully set forth the claimed 
invention. Possession may be shown in a variety of ways, including... by 
describing distinguishing identifying characteristics sufficient to show that the 
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applicant was in possession of the claimed invention." 1255 Official Gazette 140 
(Feb, 5, 2002). P digre , which is a formula used by plant breeders, is a 
distinguishing identifying characteristic in compliance with the written description 
guidelines. Further, the Examiner must evaluate written description by the 
claimed invention with all of its limitations, including the limitation of being 
derived from PH7JB. 

PH7JB-derlved progeny are described by the fact that PH7JB is utilized in 
a breeding program to make the PHZJBKlerived progeny, PH7JB gives genetic 
contribution to the PH7JB-derived progeny, and the genetics of PH7JB are 
described by ATCC deposit of PH7JB seed. By limiting the progeny to 2 or less 
crosses away from PH7JB, the Examiner's concern that the progeny may be only 
distantly related to PH7JB is addressed. In Enzo vs. Gen-Probe, U.S. State 
Court of Appeals for the Federal Circuit, 63 USPQ 2d 1609, the court reversed 
its prior decision regarding the insufficiency of the deposited genetic probes to 
meet the written description requirement. In so holding, the court stated, " As the 
deposited sequences are about 850, 8500. and 1300 nucleotides long, there 
are at least hundreds of subsequences of the deposited sequences, an unknown 
number of which might also meet the claimed hybridization ratio. Moreover, 
Enzo's expert, Dr. Wetmur, stated that 'astronomicar numbers of mutated 
variations of the deposited sequence also fall within the scope of those claims, 
"arTd" Wt'^suish' broad-claim-scope-is-necessary-t^ 

invention from copyists who could otherwise make minor change to the 
sequence and thereby avoid infringement while still exploiting the benefits of 
Enzo's invention. The defendants assert that such breadth is fatal to the 
adequacy of the written description. On the other hand, because the deposited 
sequences are described by virtue of a reference to their having been deposited, 
it may well be that various subsequences, mutations, and mixtures of those 
sequences are also described to one of skill in the art. We regard that question 
as an issue of fact,..." 

The issue of whether the progeny as now claimed satisfies the written 
description requirement is also an issue of fact. One of ordinary skill in the art 
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would know if PH7JB were utilized in a breeding program by looking at the 
breeding records and therefore would know ff a progeny were derived from 
PH7JB, PH7JB is a unique Inbred, as evidenced by the morphological and 
physiological traits given in Table 1, pages 18-20, of the application. Routinely 
used molecular techniques, discussed on page 16, lines 8-23 of the application, 
can be used to verify whether PH7JB is within the pedigree of a line. 

Applicants would also like to emphasize that PH7JB cannot be derived 
through any other means then through PH7JB seed and plant, nor can the 
influence of PH7JB on the progeny be removed from a line within 2 outcrosses 
of PH7JB. This fact also highlights the different perspective between the 
Examiner and the Applicants regarding the scope of the claims. The Examiner 
believes the claims to progeny to be of great breadth. However, to view these 
claims as being of great breadth merely because a large number of plants could 
theoretically fall within its scope ignores an essential limitation of the claim; that 
only a plant developed through the use of PH7JB is within the scope of the 
claim. Such a plant could not be independently derived without the use of 
PH7JB, so the claim would not in any way restrict the work of a breeder that did 
not in fact use PH7JB. A breeder infringing such a claim must have made a 
conscious choice to use PH7JB in order to obtain some or all of PH7 JB's desired 
characteristics. Compliance with the written description requirement is 
-esseDttally^a^fact^basedJngglry. that wi ll "necessaril y var y depending o n the^ 
nature of the invention claimed." Vas-Cath v. Mahurkar, 935 F. 2d 1555 (citing In 
re DiLeone. 436 F2d. 1404, 1405). Thus, the compliance wfth the written 
description requirement must be judged in view of this limited scope of the 
progeny claims. As amended, the claims are drawn to only a limited scope of 
progeny, progeny which but for Applicants' creation of PH7JB could never have 
existed. This is In harmony with the statement in section 2163 of the MPEP that 
**the written description requirement promotes the progress of the useful arts by 
ensuring inventions are adequately described in the specification in exchange for 
the right to exclude." That quid pro quo of patent law has been met by the 
Applicants in the present case, and to use written description to deny adequate 
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patent protection would be contrary to the stated purpose of the written 
description requirement 

The Examiner goes on to reject claims to PH7JB plants further containing 
transgenes and single gene conversions under 35 U.S.C.112, first paragraph. 
Applicants note that examples of traits and single gene conversions are given in 
the specification, page 22, lines 33 through 35 line 2. Even if more than one trait 
is affected by the transgene, the genetics of PH7JB will be only minimally 
affected. The Examiner must consider all limitations of the claimed invention. 
While the Examiner is focusing on traits» the Applicants point out that they are 
not claiming so broadly as to claim any maize plant, regardless of source, 
comprising those traits. Applicants are claiming PH7JB. or a limited set of plants 
derived therefrom, that retain significant features of PH7JB. Applicants have 
made an enabling deposit of PH7JB with the ATCC» and Applicants are seeking 
a fair scope of protection as the quid pro quo for the teaching in the specification 
and the deposit of the material. The insertion of one or a few genes into a 
genome that is estimated to have over 50,000 to 80,000 genes (Xiaowu, Gai et 
a!., Nucleic Acids Research, 2000, Vol. 28, No. 1. 94'-96) is a minor change to 
PH7JB and will not prevent one of skill in the art frt>m identifying the plant as 
PH7JB. In addition, to expedite prosecution, Applicants have amended claim 1 1 . 
Claim 1 1 now reads, The maize plant, or parts thereof, of claim 2, wherein the 
plant or parts thereof have BeerTtraTTsformed-so-that-its genetic-material^on^ 
one or mora transgenes that confer a qualitative trait." Qualitative trait$> as 
described in an Introductory plant breeding book, are traits that "have 
phenotypes that can be divided into discrete classes.. They are controlled by 
one or a few major genes whose expression is not influenced markedly by the 
environment" (Fehr, W., Principles of Cultivar Development , vol.1, 1987, page 
26). Claim 30 has been cancelled. The Examiner has suggested that claims 1 1 
and 30 be amended to list the types of transgenes contemplated in the 
specification, for example disease or pest resistance genes, provided the prior 
art teaches those isolated genes. The Applicants believe that an amendment as 
suggested by the Examiner is limiting the scope to which the Applicants are 



\9 

Received lroin<515 334 68{3>at1M5:04:50PM[Eastm 



L^^4 6$83 PIONEER HX-BRED Dsifl^ 



01/06/03 MON i7:ll FAX 515^4 PIONEER HI-BRED DSHF i!027 

SN: 09/759,800 



entitled. Examples of specific transgenes are given in the specification and one 
of ordinary si^ill in the art would be able to detenmine additional transgenes that 
may be used. The Examiner states that, Transgenes may also be of any gene, 
including those that effect more than one trait. For example, a transgene that is 
a transcription factor can effect more than just one gene, and multiple traits. 
Such plants would express different morphological and physiological traits from 
PH7JB, which are not described." Applicants point out that the molecular profile 
of such a plant would be substantially unchanged and therefore one would be 
able to identify such a plant. Applicants have amended claim in order to 
expedite allowance. 

The Examiner rejects claims 12, 13. 31. and 32. Claims 12 and 31 are 
drawn to the method of crossing a PH7JB plant containing a transgene with 
another plant Claims 13 and 32 are to the plant made from the method. Claims 
31 and 32 have been cancelled. Claims 12 and 13 have been amended for 
clarification purposes. Applicants point out that the methods are fully described. 
Furthermore, one of ordinary skill in the art would know if they were using or one 
could easily identify if they were using PH7JB or PH7JB further containing a 
transgene to develop a hybrid. All F1 plants would comprise essentially the 
same genetic maricere as the deposited PH7JB. It is well known to anyone 
.^IHedJn^the art that a hybrid has a genome with one set of the alleles from each 
inbred. Therefore the genetic profile exhiBitgdin-the~depo5it-would„he_exhiWt^ 
in the hybrid. The plant of claim 13 would have the genetic profile of PH7JB 
except at the site of Integration of the transgene. The change of one to a few 
genes out of an estimated 50,000 to 80,000 genes is a minor change and will not 
prevent one of ordinary skill in the art Irom identifying the plant as PH7JB. One 
of ordinary skill in the art would also know how to cross PH7JB containing a 
transgene with another plant to produce a hybrid. Thus, the Applicants have 
described the invention with sufficient specificity to enable others to make and 
use the invention. In light of the arguments and amendments, the Applicants 
request that the Examiner withdraw his rejection to claims 12 and 13. 
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The Examiner also rejects claims 37-39 under 35 USC § 112, first 
paragraph, as containing subject matter which was not described in the 
specification in such a way as to reasonably convey to one skilled in the relevant 
art that the inventor, at the time of the application was filed, had possession of 
the claimed invention. Claims 37-39 are clearly directed to growing out an F(1} 
hybrid in which PH7JB is a parent and searching for PH7JB inbred seed. Due to 
the imperfect process of seed production parent seed can sometimes be 
contained in the hybrid seed bag. The claims merely claim the method of 
searching for inbred PH7JB seed within a bag of hybrid seed. The method is 
also cleariy described in the specification on page 5, line 21 through line 7 on 
page 6* The Applicants request that the Examiner withdraw his rejection to 
claims 37-39. 

Lastly, The Examiner has rejected certain method claims under written 
description* Applicants point out that the methods are fully described, as is the 
starting material in the method* PH7JB. One of ordinary skill in the art would 
know how to cross PH7JB to develop an F1 hybrid and also how to self plants 
derived from crosses with PH7JB for the purpose of developing an inbred plant. 
In Ex parte Parks, 30 USPQ 2d 1234 (B.PAl 1994), the Board of Appeals 
stated, "Adequate description under the first paragraph of 35 U,S.C. 112 does 
-not-requicej/jefg/juppo^ invention. Rather, it is sufficient if the 

originally-filed disclosure would have^conveyea^tb~a^^^ 
art that an appellant had possession of the concept of what is claimed." 
Emphasis added. In J.EM Ag. Supply, the Supreme Court also acknowledged 
the value of a newly developed line in further breeding, when it stated that, "...a 
breeder can use a plant that is protected by PVP certificate to 'develop' a new 
inbred line while he cannot use a plant patented under §101 for such a purpose." 
Id. at 1873. In light of the amendments to the claims and the foregoing 
arguments the Applicants request reconsideration of the rejection under the first 
paragraph of 35 U.S.C. 112. 
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4. The Examiner rejects claims 18-20 and 47-49 under 35 U.S.C. 112. first 
paragraph, as containing subject matter which was not described in the 
specification in such a way as to enable one skilled in the art to which it pertains, 
or with which it is most nearly connected, to make and/or use the invention. 
Applicants traverse the rejection. 

The Examiner rejects claims 18-20 and 47-49 that are directed to PH7JB 
inbred maize plant further comprising one or more single gene conversions. 
Claims 18 and 47 are directed to PH7JB that contains a gene that has been 
transferred to PH7JB through traditional breeding methods. The claims have 
been amended to expedite prosecution. Claim 18 now reads, "The maize plant, 
or parts thereof, of claim 2. further comprising one or more genes that confer a 
qualitative trait and have been transferred into said maize plant through breeding 
methods that utilize PH7JB as a recurrent parent." Claim 47 now reads, "The 
maize plant, or parts thereof, of claim 2, further comprising one or more genes 
that have been transferred into said maize plant by utilizing PH7JB as a 
recun*ent parent and wherein the maize plant, or parts thereof, are essentially 
unchanged from inbred maize line PH7JB." Once again the Applicants would 
like to point out that one of ordinary skill in the art would be able to detect a 
PH7JB maize plant that contains genes that have been inserted through 
— — -^___cnDSslng._The genetics would be substantially the same as PH7JB as would the 
morphological and phy$iologicalTi^ifen5f^PH7JB-— The^specificat^^ 
further embodiment of the invention is a single gene conversion or introgression 
of the maize plant disclosed herein in which the gene or genes of interest 
(encoding the desired trait) are introduced through traditional (non- 
transformation) breeding techniques, such as backcrossing (Hallauer et al, 
1988)." 

The Examiner has cited articles and states that they teach that it is 
unpredictable whether the gene or genes responsible for conferring a phenotype 
in one plant genotypic background may be introgressed into the genetic 
background of a different plant, to confer a desired phenotype in said different 
plant." The Examiner states that. "Hunsperger et al. teach that the introgession 
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derived variety was introduced Into the 1991 Act of the UPOV Convention in 
order to avoid plagiarism through mutation, multiple back-crossing and to fill the 
gap between Plant Breeder's Rights and patents/ As detenmined by the UPOV 
Convention, essentially derived varieties may be obtained for example by the 
selection of a natural or induced mutant, or of a somadonal variant, the selection 
of a variant individual from plants of the initial variety, backcrossinq , or 
transformation by genetic engineering. The commercialization of an essentially 
derived variety needs the authorization of the owner on the rights vested in the 
initial variety /' International Convention for the Protection of New Varieties of 
Plants, as amended on March 19, 1991, Chapter V, Article 14. Section 5(c), 
(emphasis added). A copy of the relevant portion of the UPOV Convention and 
the World Seed Organization web site is attached as Appendix C , 

An example of how one of ordinary skill in the art can transfer a gene 
conferring a qualitative trait into a variety through backcrossing is demonstrated 
by the fact that the commercial market now distributes a multitude of products 
produced in this manner. Such conversion lines are easily developed without 
undue experimentation. Poehlman et al, (1995) on page 334, submitted in the 
infomnation disclosure statement, states that, "A backcross-derived inbred line 
fits into the same hybrid combination as the recun-ent parent inbred line and 
~coiftTlbotesthe effect^ofJhe^^addtt^^ gene added through the backcross." 

The Examiner goes on to state that, "Eshed^t^airteach-that'in-planta,. 

epistatic genetic interactions from the various genetic components comprising 
contributions from different genomes may effect quantitative traits in genetically 
complex and less than additive fashion (page 1815, column 1, line 1 to page 
1816, column 1, line 1). Applicants would like to first point out on page 1816, 
column 1, lines 1-5 of the Eshed et al. article it states, "Recent studies that 
detected epistasis of selected QTL in Drosophila (Long et al. 1995), soybean 
(Lark et al.1995) and maize (Doebley et aL1995; Cockerham and Zeng 1996) did 
not show a less-than-additive trend." Emphasis added. Applicants also add that 
transfening a qualitative trait does not require undue experimentation. Please 
note Hatlauer et al. (1988) on page 472, submitted in the information disclosure 
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Statement, which states* Tor single gene traits that are relatively easy to classify, 
the backcross method is effective and relatively easy to manage," As stated 
previously claims 18 and 47 have been amended to expedite prosecution. In 
claim 18, the genes transferred into PH7JB are now limited to qualitative traits. 
Claim 47 is now limited to plants that are essentially unchanged from PH7JB. 
Given the arguments and the amendments the Applicants request reexamination 
and reconsideration of the claims. 

As noted in the specification, the development of an inbred line is a time 
consuming and labor Intensive activity. On average, between 10,000 to 20,000 
lines are created and screened in order to develop any maize inbred line for 
which the Applicants file a patent application. Once developed, the inbred line is 
useful for two purposes: (1) to make commercial hybrids, and (2) as a source of 
breeding material for the development of new inbreds that retain the original 
inbred's desired characteristics. A breeder desiring to make a line with similar 
traits to PH7JB would be greatly advantaged by being able to use PH7JB as 
starting material This is because the linked genes aranged through Applicants' 
breeding efforts^ and fixed in PH7JB, can be maintained in the progeny of 
PH7JB by a breeder of ordinary skill in the art. For example, if a breeder of 
ordinary skill In the art desired a waxy-kernel com version of PH7JB, the breeder 
could cross PH7JB to a waxy-kernel com variety, select for progeny with the 
desirable traits orpHTJBlfiaf^also'express-the-waxy^kern^l^^ 
selecting for the traits of PH7JB combined with waxy kernels. Optionally, the 
breeder could backcross to PH7JB to obtain furi:her genetic contribution from 
PH7JB. The end result is the development of an inbred line with substantially all 
of the benefit of Applicants' work but with only a fraction of the effort, 

5. The Examiner rejects claims 1-49 under 35 U.S.C. 112, first paragraph, as 
containing subject matter which was not described in the specification in such a 
way as to enable one skilled in the art to which it pertains, or with which it is most 
nearly connected, to make and/or use the invention. The Examiner states that 
the seeds must be readily available to the public. The Applicants have deposited 
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the seed of PH7JB with the ATCC and have amended the claims accordingly. A 
receipt of the deposit is attached. The deposit and amendment to the claims 
obviate the rejection. 

In light of the amendments to the claims and the foregoing arguments the 
Applicants request reconsideration of the rejection under the first paragraph of 

35 as.aii2- 

Claim Rejections under 35 U.S.C. § 102 and 103 

6. Examiner states that ''Claims 1-49 are rejected under 35 U.S.C, 102(b) as 
anticipated by or in the alternative, under 35 U.S.C. 103(a) as obvious over Piper 
(U.S. Patent No, 6,188,001). " Applicants traverse the rejection. 

The Examiner goes on to state, "Piper teaches seed of an inbred maize 
line designated PH1W0\ plants produced by growing said seed, and plants and 
plant parts having all the physiological and morphological characteristics of 
PHI WO (col. 10, lines 50-62; Table 1 ; claims). It appears that the claimed plants 
and seeds of the instant invention may be the same as PH1W0, given that they 
exhibit the similar traits, high grain yield, above average cold test results, and 
adapted to the Northcentral region of the United States, for example (col. 10, 
lines 50-62). Altematively, if the claimed plants, plant parts, and seeds of PH7JB 
are not identical to PHI WO, then it appears that PH1W0 only differs from the 
instantly claime^^lants^^fant'partsr-and-seeds_due_^^ morphological 
variation, wherein said minor morphological variation would be expected to occur 
in different progeny of the same cuttivar. and wherein said minor morphological 
variation would not confer patentable distinction to PH7JB." 

Applicants point out that the designation "PH7JB" of the instantly claimed 
cultivar is not arbitrarily assigned. PH7JB seed has been deposited with the 
ATCC and the specification and the appropriate claims have been amended to 
include the ATCC deposit number Applicants also point out that the differences 
between PH7JB and PHI WO are not "minor morphological variations". On page 
17, lines 3-12 of the specification it states that PH7JB is a maize inbred that is 
best suited to be used as a female in hybrid production. In column 10, line 51-62 
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In light of the above» Applicants respectfully request that the Examiner 
reconsider and withdraw the rejection to claims 1-49 under 35 U.S.C. 102 (b) 
and 103(a). 

Cancellation of claims 30, 31, 32, 44, 45, and 46; amendment of claims 
1, 3, 4, 6, 8, 11, 12, 13, 14, 15, 16, 17. 18, 19, 20, 21, 22, 23, 25, 27, 33, 34, 35, 
36, 37. 40, 41 r 42, 43, 47, 48, and 49; and addition of claims 50, 51 , 52, and 53 
does not in any way change the claim scope which the Applicants believe is 
allowable but is meant to hasten the issuance of the patent. 

CONCLUSION 

Attached hereto is a marked-up version of the changes made to the 
specification and claims by cunrent amendment. The attached page is captioned 
■ VERSiON WITH MARKINGS TO SHOW CHANGES MADE" . 

Applicants submit that in light of the foregoing amendments and the 
remarks, the claims 1-29, 33-43. and 47-53 are in condition for allowance. 
Reconsideration and early notice of allowability is respectfully requested. If it is 
felt that it would aid in prosecution, the Examiner is Invited to contact the 
undersigned at the number indicated to discuss any outstanding issues. 



Respectfully submitted* 




Steven Caltistein 
Reg. No. 43,525 
Attorney for Applicants 



Steven Callistein 
Pioneer Hi-Bred International 
7100 NW 62"^ Avenue 
P.O. Box 1000 
Johnston, lA 50131-1000 
(515)-254-2823 



28 

Received Aront < 515 3)4 $833 > at 1/(103 5:04:50 PM [Eastern Standard Time] 



01/06/03 HON 17:13 FAX Sr 



■34 6d83 



PIONEER HI-BRED DJ 



@036 



VERSION WITH MARKINGS TO SHOW CHANGES MADE 
In the Specifications 

At page 55. following "Deposits" , the entire paragraph, lines 2-21, were deleted 
and the clean paragraph as written was inserted. 

In the Claims 

Claims 30, 31, 32, 44, 45 and 46 were cancelled. 

Claims 1, 3,4, 6, 8, 11. 12. 13. 14. 15, 16. 17. 18. 19. 20. 21, 22. 23. 25. 27, 33, 
34, 35. 36. 37, 40. 41, 42, 43. 47. 48 and 49 were amended as follows. 

1 (Amended) Seed of maize inbred line designated PH7JB, representative 

seed of said line having been deposited under ATCC Accession No.[ ] 

PTA-4531 . 

3. (Amended) The maize plant of claim 2, wherein said plant is [male sterile] 
detasseled . 

4. (Amended) A tissue culture~of reqen^rabl6~calls- or-Drotoplasts fromjhg^plgrrt 
of claim 2. 

6. (Amended) A maize plant regenerated from the tissue culture of claim 4. 
capable of expressing all the morphological and physiological characteristics of 
inbred line PH7JB. representative seed of which have been deposited under 
ATCC Accession No. [ ] PTA-4531 . 

8, (Amended) The method of claim 7 wherein [the] inbred maize line PH7JB 
[plant of claim 2] is the female or male parent. 
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1 1 . (Amended) The maize plant, or parts thereof, of claim 2, wherein the plant or 
parts thereof have been transformed so that its genetic material contains one or 
more transgenes [operabty linked to one or more regulatory elements] that 
confer a qualitative trait . 

12. (Amended) A method for producing a first generation (F1) matee plant [that 
contains in its genetic material one or more transgenes,] comprising crossing the 
maize plant of claim 1 1 with [either] a second plant [of another maize line» or a 
non-transformed maize plant of the line PH7JB, so that the genetic material of 
the progeny that result fn^m the cross contains the transgene(s) operably linked 
to a regulatory element], 

1 3. (Amended) [Maize plants] The first generation (F1) maize plant , or parts 
thereof, produced by the method of claim 12. 

14. (Amended) A maize plant, or parts thereof, wherein at least one ancestor of 
said maize plant is the maize plant of claim 2, said maize plant expressing a 
combination of at least two PH7JB traits which are not significantly different from 
PH7JB traits when determined at a 5% significance level and when grown In the 
sanie environmental conditions, said PH7JB traits selected from the group 
consisting of: a relativeTnSurityoT^ 

Relative Maturity Rating System for harvest moisture of grain, [high] grain yield, 
[above average] cold test results, gnd [above average] resistance to Northern 
Leaf Blight[, and adapted to the Northcentral region of the United States], 

1 5. (Amended) A method for developing a PH7JB-progenv maize plant in a 
maize plant breeding program using plant breeding techniques, which include 
employing a maize plant, or its parts, as a source of plant breeding material, 
comprising: obtaining the maize plant, or its parts, of claim 2 as a source of said 
breeding material. 
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16. (Amended) The [maize plant breeding program] method of claim 15 wherein 
plant breeding techniques are selected from the group consisting of: recurrent 
selection, backcrossing, pedigree breeding, restriction fragment length 
polymorphism enhanced selection, genetic marker enhanced selection, and 
transformation. 

1 7. (Amended) [A] The PH7JB-proQenv maize plant, or parts thereof, produced 
by the method of claim 1 5 wherein the method comprises 2 or less crosses to a 
plant other than PH7JB or a plant that has PH7JB as a parent . 

1 8. (Amended) The maize [plants] plant , or parts thereof, of claim 2. further 
comprising one or more [single gene conversions] genes that confer a qualitative 
trait and have been transferred into said maize plant through breeding methods 
that utilize PH7JB as a recun^nt parent . 

19. (Amended) The [single gene conver3ion(s)] maze plant of claim 1 8, wherein 
[the gene] at least one of the genes is a dominant allele, 

20. (Amended) The [single gene conversion(s)] maize plant of claim 1 8, 
__wherail[tj}e^9ene] at least one of the oenes is a recessive allele. 




21 . (Amended) A maize plant, or parts thereof, having all the physiological and 
morphological characteristics of inbred line PH7JB, representative seed of said 
line having been deposited under ATCC accession No. [ ] PTA-4531 . 

22. (Amended) The maize plant of claim [21] 2, wherein [said plant is male 
sterile] genes controlling male sterile have been transfenred into said maize plant 
through crossing, wherein PH7JB Is a recurrent parent, and wherein plant has 
essentially the same morphology and physiology of inbred maize line PH7JB 
other than the trait of male sterility . 
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23. (Amended) A tissue culture of regen$rable cells or protoplasts from the 
plant of claim 21. 

25. (Amended) A mafze plant regenerated from the tissue culture of claim 23. 
capable of expressing all the morphological and physiological characteristics of 
inbred line PH7JB, representative seed of which have been deposited under 
ATCC Accession No, [ ] PTA-4531 , 

27. (Amended) The method of claim 26 wherein the inbred maize plant [of claim 
211 having all the morpholoalcel and phvsiolooical characteristics of inbred matee 
. plant PH7JB is the female or male parent. 

33. (Amended) A PH7JB-DrQaenv maize plant, or parts thereof, wherein at least 
one ancestor of said PH7JB-proQenv maize plant is, the maize plant of claim [21] 
2, [said maize plant expressing a combination of at least two PH7JB traits 
selected from the group consisting of: a relative maturity of approximately 99 
based on the Comparative Relative Maturity Rating System for harvest moisture 
of grain, high grain yield, above average cold test results, above average 
resistance to Northern Leaf Blight, and adapted to the Northcentral region of the 
United States] and wherein the pedigree of said PH7JB-prQqenv maize plant is 

^withi^^ or a pianUhat has PH7JB 

as a parent . 

34. (Amended) A method for developing a PH7JB-proaenv maize plant in a 
maize plant breeding program using plant breeding techniques, which include 
employing a maize plant, or its parts, as a source of plant breeding material, 
comprising: obtaining the maize plant, or its parts, of claim 21 as a source of said 
breeding material. 

35. (Amended) The [maize plant breeding program) method of claim 34 wherein 
plant breeding techniques are selected from the group consisting of: recurrent 
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selection, backcrossing^ pedigree breeding, restriction fragment length 
polymorphism enhanced selection, genetic marker enhanced selection, and 
transformation. 

36. (Amended) [A] The PH7JB-proQenv maize plant, or parts thereof, produced 
by the method of claim 34 wherein the method comprises 2 or less crosses to a 
plant other than PH7JB or a plant that has PH7JB as a parent , 

37. (Amended) A process for producing inbred PH7JB. representative seed of 

which have been deposited under ATCC Accession No. [ ] PTA-4531 . 

comprising: 

(a) planting a collection of seed comprising seed of a hybrid, one 
of virhose parents is inbred PH7JB said collection also comprising 
seed of said inbred; 

(b) growing plants from said collection of seed; 

(c) identifying said inbred PH7JB plants; 

(d) selecting said inbred PH7JB plant; and 

(e) controlling pollination in a manner which preserves the 
homozygosity of said inbred PH7JB plant. 

nroQenv maize plant, comprising: 

(a) crossing inbred maize line PH7JB, representative seed of said 

line having been deposited under ATCC Accession No. [ ] 

pTA-4531 , with a second maize plant to yield progeny maize seed; 

(b) growing said progeny maize seed, under plant growth 
conditions, to yield said first generation (F11 PH7JB-[derived] 
progeny maize plant. 

41. (Amended) A first generation (F1) PH7JB-rderived1 oroaenv maize plant, or 
parts thereof, produced by the method of claim 40[, said PH7JB-derived maize 
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plant expressing a combination of at least two PH7JB traits selected from the 
group consisting of : a relative maturity of approximately 99 based on the 
Comparative Relative Maturity Rating System for harvest moisture of grain, high 
grain yield, above average cold test results, above average resistance to 
Northern Leaf Blight, and adapted to the Northcentral region of the United 
Stales]. 

42 (Amrnrlnrt) p-h°l ^ --^^"-^ " P^^''" ''^^^^"^ inbred maigS 

p,,,, .^ rr rf-^lnn ^'^^ ^^^^ PH7JB-proq. rauDai2a 

niant bvthe method of claim 40[,] and further comprising: 

[(c) crossing said PH7JB-derived maize plant with itself or another 
maize plant to yield additional PH7JB-derived progeny maize seed; 
(d) growing said progeny maize seed of step (c) under plant 
growth condiUons, to yield additional PH7JB-derived maize plants; 
(f) repeating the crossing and growing steps of (c) and (d) from 0 
to 5 times to generate further PH7JB-derived maize plants] 
...Bn q first gener ation (F1^ PH7JB-nmnenv maize plant 
fr.r suncessive fi 'i«i npneratlons to generate a PH7JB inbred . 
p^r.r|onY maize plant. 

-43^(Amended-)-[i^further_derived] The PH7.IP in^M progeny maize plant, or 
parts thereof, produced by the method of claim 42. 

47. (Amended) The maize [plants] ElaDt. or parts thereof, of daim [21] g, further 
comprising one or more [single gene conversions] qp pes that have been 

i n tn ^.in maize n i R n t hv .. t i lirinq PH7JB ^'^ ^ recurrent parent ^nd 
g^nbn nlant. or P^^-^ th.r^f ^re esrenti^lly unchanged from inbred 
maiyB tine PH7JB . 

48. (Amended) The [single gene conversion(s)] maize plant of claim 47. 
wherein [the gene] i^^^t nn^ of the oenes is a dominant allele. 
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49. (Amended) The [single gene conv rsion(s)] maize plant of claim 47, 
wherein [the gene] a least one of the genes is a recessive allele. 

Claims 50. 51 , 52, and 53 were added. 
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CHAPTER NINETEEN 



Field-Plot Techniques 



Tlie fundamental purpose of plam breedint! is to identify genoiypcb wiih superior 
^ perfomiiiiice in commercial producLion. A large proportion of the time and 
'] apcnse devoted to cultivar development is in field evaluation of breeding ma- 
teial. The tests may involve genotypes in an initial itage of evaluation or those 
Ebemg given final consideration for release as new culiivari. The characters 
;ettluated range from those that can be measured readily by visual examinacion 
tl» those that must be tneasured with appropriate instruments. The genetic po- 
^'wial of a senotype for some characters may be determined effectively with 
^ tor a few plants in a small plot, while forother characters extensive evaluation 
|» larger plots may be needed. 

7 h is the responsibility of the pbm breeder co select the field-plot techniques 
4k will provide the maximum amount of information with the resources avaii- 
^tic. The challenge is to adequately leyi as many genotypes as possible. The 
ouiccs-avaiIablejo.planiJbieeder5 var >': usually several alte riiaci vc cechn iques 
I available for character evaluation. Plant breeders must decidc~which-rech-- 
fitqots will be the most effective and efrtcient in their panicular sicuarion. 
^. Detailed discussions of field-plot cechniques and data analysis are provided 
I Comet and Gome? n984) and LeCIerg ec a). (1962). An overview of the 
t principles will be provided in this chapter. 



I 



JRCES OF VARIATION 

' ideal way to compare genotypes would be to grow all of them in exactly 
f tane environment and to measure their characteristics in precisely the same 
The differences among genotypes in this ideal situation would be due 
r*> variation in iheir genetic potential: therefore, the best genotype could be 
I without error. This ideal i$ impossible to achieve under field conditions 
' of lack of uniformitv in the environment to which the genotypes are 

26t 
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exposed. .Nevertheless, the use of appropriate field-plot techniques* can maAiana^ 
tht accurac)' With \^'hich genotype:* are compared and selected, w 
The factors rhat result in tcsi conditionN that are less than ideal can be refcnttfl 
to collectively as sources of experimental error. They include variation in 
envifortment to which each cenoiype is expoiicd and lack of uniformit)' in 
measuremem of characters. The breeder has opporoinities to minimize expend 
mental error by carefully selecting the she to be used for field trials, the culna^ ^ 
practices used in crop production, the plot size and ^hape. and the method rf'J 
dara collection. 



Site Selection 

Variation in the productivity of the soil is comnionl> refeired to as soil heter- 
ogeneiiv (Fia- 19-h. Cuuses of soil heterogeneity include variation in .^oil t>'pc, 
availability of plant nuirienTS. and soil moisture. The variation cannot be com- 
pletely eliminated, but it often can be minimized by careful selection of the arci 
in a field where plots will be grown. Soil maps arc helpful for undcrstandioj 
the variation In .soil type that \s preitent. Soil types differ in their inherent ability 
to retain nutrients and moisture. Entire trials or at least an entire rcplicatioQ 
should be grown on a single soil type whenever possible. 

Visual inspection of a field is imponunt. even when a soil map ij available. 



Figure 19-1 Exumplc of potential variation in :^oil pr^xluctiviiy in a te$t area. 



v//yv ^ yy y y/y// / 

/ / / y / iK^-^Q-w&t^^or / / / / J 
'^-yA/^/^Ay^ ^I^'^^*'^'*^. y^^/// 


f 


\ sX Average s^\^s: 
productivity v \\ 

^-^^^^ 

Below-average ^ 
productivity 




Received IronKStS 334 $t83> 



01/06/03 MON 17:18 FAS 5 



'34 6$83 



HR 

1 the 
1 the 

turai 
k3 of 



leter- 
lype, : 
com- i' 
; area , 
nding 
.bility 
:ation 

liable. ^ 



I area- 



FIELD-PLOT TECHNIQUES 

When a hui bex:n ideniificJ d ycur in advance »s a potentiul leiic iiite. ic is 
useful tor the breeJer to look for vart^ibility in produciiviiy of ihe crop grown 
irt the area. The breeder Ahculd noie variaiinn in the terrain ihut muy cause water 
to aircumubte more in one place than in another. Differences in soil tillage after 
harvest of the previous crop may be observed thai could rciuU In nonunifom^iiy 
of the area. L'neven distribution of plnni or animal waste on a field should be 
noted us a potentiai contributor lo variation in the uvaitability of plant nutrients. 

Before a site is chosen, information should be obtained on cultural practices 
ihai were followed in the production of previous crops, with special attention to 
the application of chemicalb that could mftuence the crop that the breeder will 
be evaluating. The residue from herbicides applied for control of weeds in 
previous crops may cause damage to the crop to be tested. The following quo- 
tation from a research article byVhomc and Fehr (i970b) on soybean breeding 
illustrates the importance of herbicide residue: 

The strains were evaluated a[ Ames and Runawha. Iowa, in 1968. . . , Ai Kanawtha. 
part of the experiftienr was inadvenentiy plumed in a field trcateJ with atrazine 
herbicide \v.v years before. All plots in the :^rea w-crc dcbrroydd. 

Previous cultural practice.s in a field can be especially important at research 
stations where crops are rotated from one held to another on a systematic basis. 
The research conducted on crops previously grown on a field can influence 
markedly the uniformity of the test site. For example, plots of oats were planted 
in a field at the Agronomy Research Center Iowa Siaie UniversiC)' in which 
soybeans had been planted' the previous year. Growth of the oats varied in strips, 
as if nitrogen fertilizer had been applied unevenly to the field. A review of the 
previous soybean research revealed that the strips of oats with extra growth 
coincided with areas where mature soybeans had been cut and left unthreshed. 
The nitrogen in the soybean seeds in the strips was available to the oais the 
followini? vear. and caused nonuniformiiy of nutrient availability in the test site. 



"Cultural-Practices- 

Experimental error can be minimiied by the use of unifoma cultural practices 
for production of the crop being tested. Chemicals should be applied uniformly 
to the test site before, during, or after plamina. Uneven soil compaction should 
be minimized during tillage operations. AppHcation of supplemental water by 
imgation may reduce variability in soil moisture. Weed control should be uni- 
form; most breeders try to eliminate all weeds during the growing season to 
avoid experimental error caused by differential weed competition. 

The development of equipment specifically designed for planting, manuring, 
and han-esting research plots has permitted breeders to grow plots more effi- 
ciently. The emphasis in the design and use of any equipment must be on the 
**niformity with which genotypes are handled. 
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Expefimcnial error increases whenever interplot competition causes the perfo 
mance of a genotype in one plot to be altered by the perfomiance of icnotypt 
in adjacent plots. Interplot competition results primarily from intcrgenotyp 
competition, which is the differentiaJ ability of genotypes to compete with cac 
other, interplot competition is more important for the evaluation of some cha. 
aciers than for others, it is only through appropriate experimentation chat a pk 
type can be ideniified that will provide reliable information for the character c 
interest. 

The effects of irtierplot competition can be avoided by the use of plots wii 
multiple rows in which only plunis in the center rows are evaluated tFig. 19-2. 
In plots with three or more rows, the outermost rows are dciti^nated ai> the bordc 
or guard rows* The function of the border rows is to prevent planis in adjacer 

Figure 19-2 Illustration of bordered row plots with different culiivars desig 
nated as C- and (Counesy of Fehr. 1978.) 

Bordered row plots - equal row spacing 
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plots from influencing ihc performance of plants in the center of the plot. Each 
bordered plot can be considered a miniarure field that is unaffecied by neighboring 
fields. The spacin^^ between plots can be greater than ihe within-plot spacing to 
facilitate the movement of equipment, punicularly when narrow rows are utilized. 

It would be ideal if bordered plots could be used for the evaluation of all 
characters that are influenced by interplot competition. That ideal is difficult to 
achieve when thousands of genotypes are being evaJuated. Bordered plots require 
seed and land that do not directly provide data for a genotype. Borders take up 
two-thirds of the seed and land area for three-row plots and ane-half for four- 
row plots. The cost and availability of seed and land often necessitate restriction 
of the use of bordered plots to the evaluation of genotypes chat are being given 
fiaal consideration for release as cultivars. 

Interplot competirion can be reduced, but not eliminated, with unbordered 
plots of two or more rows, all of which are used to evaluate a character (Fig. 
!9-3). A genotype in a single-raw plot is 5ubjected to interplot competition on 
both sides. Interplot competition is reduced by one-half in plots with two row$, 
two- thirds with three rowi. throe- fourths with four rows, and four-fifth!* with 
five rows. The estimated reduction of interplot competition with increasing num* 
bers of rows is based on the fact that each row of a plot must compete on two 
sides. The border rows are each subjected to interplot competition on one side 



Figure 19-3 
ignated as # 
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Illustration of unbordered row plots with different cultivars des- 
O. and (Courtesy of Fchr. 1973, j 
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bui nor on ihe other. An> ^o^^'^ i^ichin the two border rowi are protected from 
inicrploi compeiiiion. Thl> can be expressed as 



Reduction in inierploc 
competition compared = 
with single- row plot 

Two-row plot = 
Three-row plot = 



(number of rows; per pIo[ x 2 sides) - 2 sides 
number of rows per ploi x 2 sides 



(1 X 2) - 2 
2x2 



- 1/2 



(3 2) 



3x2 



= 2/5 



The amount of inierpioi competition also can be reduced by increasing the 
spacing between rows of adjacent plots. Inierpioi compitition in soybeans was 
evaluated with five cultivars gmwn in sin^ilc rows spaced iOO. 75. 50. and 25 
cm apart fGedge ei al.. 1977). The average effect of interplot competition on 
seed yield aas^2,6 percent for the lOO-cm spacina. 5.3 percent for 75 cm. 8.0 
percent for 50 cm. and 17.6 percent for 25 cm. 

A combination of mcrea.ved row spacing between ploci^ and a large number 
of rows can minimize interploi competition in unbordered plots. In the soybean 
example of the preceding paragraph, the average change in yield for single-row 
plots spaced 100 cm apart was 2.6 percent. The percentage theoretically wouSd 
be reduced to 1.3 percent for two-row plots and id 0.9 percent for three-row 
plots. Rows within a plot are not subjected to interplot competition; therefore, 
the spacing between rows within a plot can be less than the spacing beiwceti 
adjacent plot;^. Figure 19-3 illustrates n two-rpw plot in which the spacing between 
plots is wide enough to minimize interplot competition and (he spacing within 
the plot is reduced to minimize the land area required for each plot. 

Some breeders: p|ym one culiivar as a common border between one- or two- 
rqw plots. In barley, a iodginc-resisiam cultivar is used us a common border to 
^prevem-genoiYpes with lodging susceptibility from falling on genotypes in ad- 
jacent ploxs. thercbTcausinc^^ 

border has been evaluated as a means of eliminating intergenotypic competttion- 
between plots for seed yield and other quantitative characters. The results of the 
research indicate that a common border can reduce but not eliminate interplot 
competition (Thome and Fchr. l970a). The average interplot competition for 
seed vield among four soybean cultivars in singlc-row plots spaced 50 cm apart 
was compared with competition of the cultivars when a common border was 
used (Gedge et al.. 1977). interplot competition averaged 1 1 ,0 percent in single- 
row plots and 8.3 percent in plots with a common border. 



Plot Size and Shape 

The size of plots used to evaluate genot>pe<; varies u ith the character being 
evaluated, the amount of experimental error that is considered acceptable ^ox 
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Q\ the crop, PKu> viirv in mm ihosc for a Ninglc plant that i.s hane^tej by 
hund to ^h^^^u' that a« wide und long enouyh lo be hunisted ^^i[h the same 
equipi^ieni used by farmers tor commefcial production. 

Siiij>ttf-Pttm{ Ptuts, Individual plants commonly arc cvaluaied in segregating 
populations. There Ls no rcpMcation of the individuals, unless vegctatNe "prop- 
agation of clones is possible. The spacing among plots varies with the crop 
species involved. Gardner ( 1961 ) spaced individuals 50 by 100 cm apart when 
selecting for yield in mai^e. fiurton ( 1974> spaced plants of a population of 
Pensacola buhiagross 60 by 60 cm apart when conducting recurrent phenotypic 
selection for forage yield. Burton and Brim (19SI) used a46 by 46 cm spacing 
among soybean plants for selection of oil composition in the seed. 

Sincle-plant plots are used for the replicated evaluation of experimental lines 
or cultivars by the honeycomb field design (Fasoulas. 1979). The number of 
plants evaluated for a line is equal to the number of replications in the experiment. 
Fasoulas (19$ 1 J indicated that tOO single-plant plots (rcpiications) per line would 
provide satisfactor>' results. The plots of the lines in a test are organized in a 
systematic manner to permit comparison of a plant of one line <Aith adjacent 
plants of other lines (Fie. !9-4), The honeycomb design has not been adopted 
by plant breeders for replicated evuiuation of lines because ir requires more labor 
and is leus amenable to mechanization than microplots or conventional row plots. 

Mulnpk^Phmt Ph(s, The evaluation of experimental lines or cuitivars by plant 
breeders is usually done in plots coniainin^ tuo or more plants. Plot sise varies 
from small microplots consisting of a hill or short row to a plot with one or 
more rows severti) meters in length. 



Microploi-s. Microplots are used to minimize the amount of seed or land rt:quired 
to evaluate u group of lines. In an unbordercd microplot, the effects of interplot 
_comgetiiionj^ con.'Jjdcred when determining an appropriate di.sEance among 
piotslFign^Tf I. FofWsrhtll-plots-spaEed-abouu30-b,>L3J3^yT^ 
used (Frey. 1965), while for soybeans, a spacing of about 1 bvimTirmofr" 
common (Garland and Fehr. 198 1). 

The number of plants in a mict^^ploi differs among crops. A planting rate of 
30 seeds per hill is saiisfacTorj- in oats (Frcy, 1965). while a rate of 12 seeds 
per hill is used for soybeans (Garland and Fehr» 1981), When short rows are 
used as microplors. the plant density is comparable to that of larger row plois. 

There ts a inrlc of agreement among plant breeders concerning the effec- 
tiveness of microplots for evaluation of afronomtc characters, panicuiariy seed 
yield. Breeders who use microplots indicate that they are useful for eliminating 
inferior lines during the first year of yield evaluation. Lines with acceptable 
Performance in microplots are evaluated in conventional row plots during sub- 
sequent years of testing, to identify those that merit release a$ cultivars (Frey. 
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Figure 19-4 Grid and honeycomb design lo select individual plants in a pop- 
ulation. For the grid design, plants are divided into blocks and the best ones 
chosen from each (Gardner. 1961 ). For the honeycomb de-sign. the plant at the 
center of the hexagon. ®. is compared with every other plant within the hexagon 
(Fasou)as. 1979). A plant is chosen only if it is superior to every other plant in 
the hexagon, The he.xagons outlined represent two different .selection intensities. 
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Figure 19-5 Illustration of hil! plots with diff'ertnc culcivars desienuceti au 
3, andBiFchr. I978K 



1965; Garland and Fehr. 1981). The advantages of microplots compared wiih 
wonventionai row plots for the first year of yield testing are that less land \i 
requtrttd per ploc and that enough setjd for replicated tests can be obtained from 
i single plant, which eliminates a season for seed increase, Breedent who do 
.lat u^e mtcroplots are concerned about che reliability of yield data obtained from 
:hem. The coefficients of variability for microplots generally iire about one and 
one-half to two limes larger than for conventional row plots. 



ilow Plots, Row plots are used by virtually all plant breeders foTrepTicated — 
:esdng of genotypes. The overall plot size is determined by the number of rows, 
:he spacing between rows, and the row length. 

Single-row plots of I to 2 m in length are widely used for the visual evaluation 
of characters. Many breeders evaluate lines on the basis of iheir appearance in 
^mall unreplicated plots, and advance the desirable ones to replicated te<;ts the 
tbltowing season. Visual selection and seed increase commonly are accomplished 
*ith die same plot. 

A plot used to evaluate the yield of lines for the first time often is smaller 
:han that employed for advanced stages of evaluation. For advanced yield tests, 
•he breeder attempts to use a plot size that approaches or equals the dimensions 
.'onsidered optimal for the crop species involved. Optimum plot size is the 
■ninimum land area required to measure a character with an acceptable level of 
experimental error. 

Optimum plot size can be determined by the use of data from a uniformit>' 
nai (Cochran, 1937). A iiingle cukivar is planted as a solid stand, without alley.'!. 



270 



WALTER R. FEHR 



in lin area represent alive of rhat used for yield evaluacion. The culiural practices 
used to produce ihe crop are the iamc as those used For yield trials, the area is 
subdivided into ismall unics. end the .seeds or pUnt.s from each unit arc hyrvested 
and weighed separucely. Experimental error associated with plots of different 
size can be determined by making various combinations of the small units. 

Optimum plot size also is determined through practical experience. The 
breeder often will experiment with plots of different size to find the smallest one 
that has an acceptable level of ocperimcntal error. Breeders often do not agree 
on what they consider acceptable experimental error, consequently, an optimum 
size for one person may not be optimum for another, 

Plot width generally h determined by considerations other than the relation- 
ship of shape to experimental error. The primarv' factors are the number of rows 
required to minimize or avoid intcrplot competition and the width of the planting 
and har\'estinc equipment that is available. Plot width influences the percentage 
of land area that must be devoted to alleys between plots. Long, narrow plots 
require u lower percentage of alley space than do wide, short plots. This ad- 
vantage is offset in bordered plots because the percentage of land area devoted 
to border rows decreases as the number of rows per plot increases. 

Plot length provides flexibility for plot si^c. Before calculators and computers 
became readily available, row length in the United States was varied to obtain 
a plot size that was a fraction of an acre (one-tenth, one-iwentieth. etc.) to 
simplify the conversion of plot yields to yields per acre. With use of computers 
for data summarization and anulysis. thi^ is no longer necessary. 

Data Cotlection 

The experimental error associated with the evaluation of a character is influenced 
by measurement errors during data collection. For characters evaluated visually, 
— experimemaLeiTQrjgc c ur.v whene ve r the data collector fails to give an identical 
rating to plots with an identical appearance . RenaKiiT^nofthe'evaltiation-can-be, 
established readily by raiin* a series of plots at different times and comparing 
the ratings. It is essentially Impossible to give visual ratings without erron 
therefore, the breeder must decide when the error is acceptable and when it is 
so large that acnciic differences will be masked. 

Some characters can only be evaluated efficiently with the use of an appro- 
priate machine or instrument. Experimental error can occur because of failure 
to prepare a plot properly for measurement, of nor obtaining a represeniatlve 
sample of the plot for evaluation, of using nonuniform procedures for sample 
preparation, and of failure of the machine or insirumeni to operate properly. 

Preparation of a plot for data collection may begin before planting. For 
experimental error to be reduced, the seeds or plants of every genotype used for 
pJaniing must be treated equally. If seed.v or plants of genotypes to be compared 
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lo not come rVvjn» u common »>nvironmcnt. environmental error inay resiih. Lint 
\M unU >tfi:c]ling vigor of a cotton cultivar were founti to differ m plots grown 
rom setfdh obtained from difFertni locations iPeucock and Hawkinb. 1970*. Seed 
.ource also hus bct:n shown to influenL-c seed yield of soybtans iFehr and Probst. 

In some crop species, uniformity of plam density among plots can be im- 
jononi in minimizini: experimental error. With maiic, it is a common praeiicis 

0 thin yield test plots to a uniform stand soon after seedling emergence. Thinning 
> not considered necessurv with some crop species, particularly those that have 
he ability to branch or tiller in response to low plant density, such as barley 
and wheat. U also is a common practice with crops such as maize to record the 
-lUmbtir of plants per plot immediately before han-'est. The yield of the plots is 
idjusted for plant density by an analysis of covariance, to minimize experimental 
jrror in the comparisiOrt of genotypes . 

When a blank alley i^; u^ed at the end of row plots, the end plants generalty 
ire more productive than those gro^ung in the center of the plot. When end 
slants are harvcsicd, yield of the plot is intiatcd in comp-irison to the yield 
jbtaincd from plants growing in the center of the plot. Thia inftation wilt prevent 

1 direct comparison of plot yields with those expected in a normal commcrct:il 
7bnting. unless an appropriate adjustment is made for all plots. The adjustment 
nay be made by considering the alley is part of the plot area: therefore, plot 
ensth is the distance from the center of one alley to Che center of the- next, 
nst'ead of the distance between plants ar opposite end;; of a row. For example, 
f the length of row containing plants is 5 m and the alley is I m wide, the plot 
ength for compucinj! plot area is considered lo be 6 m. 

The yield intlation by end plants In a plot does not contribute to experimental 
.-rror unless genotypes in a test do not respond similarly to the space in the alley. 
The e.xperimentul error associated w iih diffcreniiai response of genotypes to an 
illey can be minimized by adjusting yields according to characteristics of the 
;enoi>'pes that intluence this response. The end plant$ of soybean genotypes 
■^Viitriate^maiuriiy-five-a^rc.atc.r_jQcy than do genotypes of early 

naturity. Values have been developed with whicfilo'aajust'plot-ylelds-for-ma^ . 

urity of soybean genotypes (Wilcox. 1^70). More commonly, comparisons 
imong soybean genotypes are rs^tricted to those of similar maturity, unless plots 
ire end-trimmcd before harvest. 

The only way to eliminate yield inflation by end plants is to remove the 
slants before harvest. This procedure, referred to as end-trimming, is a standard 
:>rocedurc with some crops. The end plants are removed late enough in plant 
levclopment that the remaining plants in the plot cannot take advantage of the 
:.ttra space. The length of row removed from each end of die pioc must be long 
mough to include ail plants that have benefited from the space provided by-^the 
'.iley. In soybean. 0.6 m rs removed from each end of the plot (Wilcox. 1970). 

The problem of a blank alley is minimised in some crops by planting the 
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alley with rows of a sinele genotype petpcndicular to the lesi plots. The result 
is that the plants al the erd of a plot mu$i compete with plants in the alley, and 
(has their yield may not be inflated as nuch as Is the case with a blank alley. 
Plants in the alley arc removed immediaieh before tht plots are harvested. 



EXPERIMENTAL DESIGNS 

The arrangement of genotypes in a field experiment is referred to as the exper- 
imental design. Some of the designs utilized to conr^pare genotypes are common 
to research in niany disciplines. Others have been developed co deal with the 
problem of comparing a large number of genotypes as inexpensively as possible. 
The experimental designs used for the initial evaluation of a lar^e number of 
genotypes often differ from those used in the advanced stages of testing a few 
select genotypes. Alternative deiiigns will be considensd hare for comparison of 
sinele plants, unreplicated genotypes in multiple-plam plots, and replicated 
genotypes. 

Single-Plant Sekction 

The first evaluation step in the development of a cuhivar generally is the selection 
of individual plants from a population. Individual plant selection also is employed 
In population improvement by recurrent phenot>'pic selection. 

When single-plant selection in a population is for characters with a high 
heriwbility. the plants generally arc grown in a random order and those with 
desirable characteristics are selected. Culiivars may be grown in adjacent plots 
to ser^'e as standards with which to evaluate single plants. Date of ilowering, 
plant height, time of maturity, and certain types of pesi resistance are examples 
^f-charactw^-tbiLwJiicjvsM plants are selected uithout any predetermined 
arrangement of the individuals. fiieyrepfesgntTrhai^tem^^ 
influenced by environmental variation. 

Single-plant selection in a population grown in a relatively large land area 
can be hampered seriously by soil heterogeneity for characters with a low her- 
iiability. Such as seed or plant yield. Figure 19-1 illustrates variation in soil 
productivity in an area where a population of plants may be grown. If plants 
with the highest yield are selected regardless of their location in the field, those 
in the area of above-average productivity will be favored, A plant with outstand- 
ing genetic potential that is located in the area with below-average productivity 
may be discarded. Two experimental designs arc available that minimize the 
effect of soil heterogcneit)' by comparing plants that are most adjacent to each 
other. 

Grid Desiisn. Gardner (1961) pA>posed that ihc land area on which a population 
of individual plants is crown can be subdivided into block< or grids of a limited 
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liTca fPii:. uiihin cjch hU>ck are ^ompafeJ wiih each other, unU 

the supKirior on^i^ are .%clecicd. Cumpuri.>on> jrc not nude bci^-ccn plants, from 
different blocks. This expcrimenul dcsijjn han been well acL-epted by plant 
breeders, particularly those conJuciini: recurrent phenor>'pic seieciion for yield 
or other characrers with a low hericabiiity. 

Honexcomb Offiis'^. Fasoulaa (1973) developed a honeycornb design for se- 
lectinc individual plums in a population (Fig. 19-41. Five aspects of the design 
and its implementation arc unique, fa) Seeds or clones are spaced equidisrantly 
from each other in a he.xagon pattem . The name of the design was chosen because 
the hexagon paciemi resembie a honeycomb of bees, (b) Planes are spaced far 
enough apart chat they do not compete with adjacent individuals. At the appro- 
priate spacing for a species, a missing plant does not infiucncc the performance 
of adjacent individuals, because each plant already has sufficient space in which 
to develop to its full potential, ic) Homogeneous check cultivars can be included 
for comparison. If desired. Every plant of the check is compared with a different 
group of plants in the population, (d) The size of the hexagon used to select 
single plants determines the selection intensity in the population. The effect of 
soif heterogeneity is minimized because only those plants within the area of the 
hexagon arc compared, re) Every* plant in the population is evaluated by placing 
it in the center of the hexagon. A plant is chosen only if it is superior to every 
other plant in the hexagon. By moving the hexagon, every plant is compared 
with a different group of plants in the population. 

Comparison of the Gnd and Htmtycomb Dtah^ns. Both the grid and honeycomb 
desiins reduce the problem of soil heterogeneity in the selection of characters 
of low heritabiUty. In a comparison of the designs, the advantages of one are 
the disadvantages of the other, and vice versa. 

There are three primary' advantages of the ^d design, 

I. The spacing of plants docs not have to be in a precise pattern. This 
facilitates the use of conventional plot equipment for planting and culti- 

^^v.nTHTn— Mgchanized-ptantin^ot'-the^hone ycomb desi g n would require 

specialized equipment. 

Z. Selection intensity can be varied by altering the number of planes in a 
block and the number of plants selected. Only certain selection Intensities 
are possible with the honeycomb design. 

3. Use of a deftned area for each block facilitates visual comparison of plants 
for selection. It is possible to compare plants within a block visually and 
collect data only from those with the best potential. Use of the moving 
hexagon for the honeycomb design makes it impractical to compare each 
plant" with apprxipriate ones in its hexagon*, therefore, data mu.st be re- 
corded for every plant, except those that are obviously inferior. 

The honeycomb design has two advantages compared with the grid design. 
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1. Homageneoui; check cuJtivar*; can be included lO permit cornpjfijions of 
individual plants with a standard. Wh^n one-seventh of the plants are a 
check, they can be arranged so that even- plant in the population gait be 
compared with a check plant. To provide adjacent plants of one check 
cultivar in a grid system, one-third of the area would have to be devoted 
to the check. 

2. More than two check cultivars can be included readily in hexagons of 19 
or more plams. Use of two or more check cultivars in the grid system 
would require that a large fraction of each block be devoted to check 
plants. 

Lfnreplicated Evaluation with Multiple-Plant Plot$ 

Plant breeders routinely conduct visual selection among lines in unrepUcaied 
plots for maturity, disease resistance, standabilits . and other characters of high 
heriiabiliiy. Evaluation for yield in a iinszlc rcplicntion has been u^ed to a limited 
extent to eliminate inferior lines before initiation of expensive replicated tests. 
With a single replication, each line is compared once with check cultivars or 
other lines todetemune its genetic potential. A number of different arrangementi 
are available for estimaiinis the genetic potential of lines. One method is to 
compare each line with a common check cultivar (Baker and McKcnzic. I967J. 
Figure 19-6 represents a hypothetical example of the yield of six lines in a single 
rcplicaiion. In the figure, the yield of each line Is expressed as a percentage of 
the yield of the check cultivar immcdiaccK adjacent ro it. 

Another aliemacive is to express the yield of each line as a percentage of the 
weighted average of the adjacent check plot and of the check plot two plots 
removed. The purpose for using a weighted avcmgc is to minimize the potential 
^prxibjem^caused^by an unusually poor yield of a check plot. In Fig. 19-6, the 
check cultivar adjacent to irn^B-and-^has-a-niaGh4ower_yieJithan^^ 
cultivars. This results in an extremely high percentage for lines A and B. Ttie~ 
weighted average of check cultivars could be computed as 

X yield of adjacent check) -h f§ x yie]<j of check two plots removed) 

= weighted average of check cultivars 

The percentage yield of each line is computed as 
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Figure 19-6 One possible anr-dngemenc of linei; in a .singk-njplication test. The 
pertorm;ince of euch line is computed us d pcrcernage of the performance of the 
common check cutcivar adjacent to it. Line B would be considered the superior 



Line E = 
Line F - 



52 



(i X 48) (A X 42) 

47 

iH X 42) + X 43) 



X lOO = 113 
X 100 = 107 



Anorher method used to compare genotypes in single replicadons is the 
moving meo n^Mak ti A., 1978: Townley-Smith and Hard. 1973). Each genocype 
is comparedlvittra3Ju«nTtTsre^notypes- _ 

The di:iadvjncaee of single-replication tests is that che breeder has only one 
plot value with which to assess the genetic potemial of a line- If by chance a 
line is placed on a plot of soil with above-average productivity, relative to that 
of plots with which the line is compared, it will seem to be uenetically superior, 
even though it may not be. In replicated tests, the breeder will have more than 
one plot with which to evaluate each line. For this reason, single replications 
are not commonly u$ed for yield evaluation. 

Replicated Tests 

Two or more independent comparisons of lines in a test provide a means of 
estimating whether variation in performance among lines is due to differences 
m gcnecic potential or to environmental variation. Each comparison is as rep- 
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lication. Replication can be accomplished by growing tv^ o or more plots of each 
line at one or more locations or one plot at ejjch of t\^-o or more locations or 
years. 

Randomizaiion, One important consideration in the arrangemem of genotypes 
within each replication in the degree of randomization. From a statistical view- 
point, randomization of emries is required lo obiain a valid estimate of experi- 
mental error. To fulfill the requirement, each entr>" must have an equal chance 
of beinfi assifined to any plot in a replication and an independent randomijation 
is required for each replication. 

Plant breeders understand the imponance of randomization and consider it 
the ideal proccdum for comparison of genotypes. They know that any experiment 
designed to estimate components of variance must be randomized, Therxr are 
circumstances, however, in which plam hrcsder<i do not use complete random- 
ization for the comparison of genotypes. Genotype? with similar characteristics 
may be planted next to each other to reduce interpJoi competition in unhordered 
plots. A nonrandom arrancement of genotypes among replications may be used 
to facilitate .*ielection of genotypes before hancsi. 

Arrani^vf)u*nis of Cetwtypes. Any discussion of nonrandom arrange- 
menib of aenoiypesi can be misinterpreted because it may imply that randomi- 
zation is not an important principle. To ax'oid Such misinterpretation, ir .should 
be stated again thai nonrandomizaiion should onl\ be considered when resources 
are not adequate to make randomization feasible. The discu.ssion of nonrandom 
arrantfemems will include the reasons for their use. their disadvantages, and the 
ways procedures can be modified lo permit effective randomization. 

Nonrandonuzyiion Amoni; Replications. It is common delay replicated tests 
for yield until srenotype> have been visuaUy selected in unreplicated plots for 
^hiu^cteri.stfcs-.such-as4oci$ins.^hdght._aadjmtjjm leneth of 

time for culiivar development, the sea>on for evaluation in unreplicHtca"^oi:r~ 
can be eliminated by arowino genotypes in replicated plots, visually selecting 
those with desirable characteristics, and harvesting only the plots of selected 
genotypes for yield evaluation fCarland and Fehr. 1981).' When visual selection 
is based on the performance of genotypes in all of the replications* ir is necessary 
to evaluate each plot, summarize the data, make the selections, and identify the 
plots of selected genotypes that should be harvested. The length of time between 
plot evaluation and harvest may be only a few days when characterisiics of 
interest are no( expressed until plant maturity. If several ihou.sand genotypes are 
randomized in two or more replications, .summarization of data and identification 
of pIotN to be liar\cstcd can be difficult or impoN^ible lo accomplish in only a 
ft^ days'. Tht: use of the same arraniiement of genotype.*, in each replication 
makCN ihc ji>b practical. 

When genotypes are in the same po%ition within euch replicaiion, the data 
for plots of each <;enotypc ;(rc recorded \n adjacent columns (Fiii. lv-7). Sum- 
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marization of datu is complete as .wn a> the last plot is raied. Genotype? with 
undesirable chiiracitristic> in one or more rcpiicaiioni* can be identified and 
discarded, The plotA of desirable wnotypes are readily identified for harvest 
because ihcy are in iht; same po.siiion in each rcpliu-ation. 

The disadvantages of nonrandomization relate to the fact that the same ge- 
notypes are always adjaceni to each other, which can have negative effect:* on 
the comparison of genotypes. 

1 . In unbordertd plots, intcrgenoiypic competition can bias the pcrfonmance 
of genotypes more seriously in a nonnindom than in a randonri arrange- 
meni. When a poor competitor i> bordered by a good competitor, yield 
of the poor competitor can be reduced and that of the good competitor 
increaiied in everv- replication. There is no opportunity for a genotype to 
occur next to others with a more similar competitive ability. 

2. In unbordered plots, a genotype that dies or is unusually weak in all 
replications can prevent the accurate evaluation of adjacent genotypes. 
The performance of adjacent genotypes would never be tested in repli- 
cations where they were next rt' healihv genotypes. 

3. No unbiased estimate of e\perin\ental error can be obtained. 

The need to use nonrandomizatton of genotypes among replications can be 
avoided bv improving the efficiency of procedures for data summarization and 
evaluation. An efficient procedure would include ihe use of a computer. Data 
would have to be entered rupidly into the computer, possibly by emenng plot 
data into an electronic recorder in the field and electronically o-ansferring the 
infom^aiion to the computer. Computer programs would be needed to summanze 
the data and make selections on the basis of standards established by the breeder. 
Plot idenitrication inftirmaiion for selected genotypes would have to be provided 
for haf^'est. 

Groupinu Similar Genotypes Within Replications. The evaluation of genotypes 
~irrun£Mfee3"plot^^ 
Plant characteristics that often contribute to intergenotypic competition in a crop 
include such factors as differences in height and lime of maturity. To reduce 
imergenotvpic competition. genoT\'pes with similar characteristics may be grouped 
within replications. The position of each genotype may be varied from one 
replication lo the next. This procedure, sometimes referred to as restricted ran- 
domization, has the advantage of reducing ihe effects of intergenotypic com- 
petition in linbordcred plots. The priman disadvantage is that all genotypes m 
a test cannot be compared xvith ihe same level uf confidence. Genotypes within 
a group arc spaced rtoser to each f»rhcr than ^enotNpes in different groups and 
are less affected by environmental variation among plots. 

The use of bordered plots eliminates the need for grouping genotypes, The 
perl'ormance of genotvpe> in ploi> is not influenced by intergenotypic compe- 
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ctiion: thcru'lorc. runJuiiiization is priictjcji. An increase in lund. >ceJ. anJ other 
rtf>ourccs wiii be needed fur repbcenwnt af unburdtfr^jcl plurs u ith bordered ones. 

ExpvnmcnUil Dcsiy^i'i thy Ri^pfwau'tl Tcsh. The amin^emeni of wnotypes in 
replk'LiWd tc>ts involves priinarilv the use of either the randomized oomplere- 
block design or incomplctc-blnck designs. The Lacin square is used only in 
5pc»:idl circumiunceb when the number of entries ;im:iil i Cochran and Cox. 
1957), The honeycomb design can be used for replicated testinij but is considered 
too difrtcuU 10 implemeni for j lari;e nunriber of linCsS (FusouJas. 19U1). 

The differences between the nindomizcd compltfie-block and incomplete- 
block designs relate to their ability to account for environmental variation within 
a replicaiion. The two types of design differ in restrictions on the size of a 
replication, randomization procedures, analysis of data, and comparisons amon^ 
genotypes. 

The temi> complere-block and incomplete-block refer to the arrangement of 
genotypes tn an experimem <Fie. 19-8i, A block and a replication are equivalent 
i^n a r'anduMiized complete-block design, A block contains ait of the ttcrioupcs 
in the test and is; considered complete. Genorypes are divided into mon: than 
one block v^ithin each replication of an incomplete -block design. The blocks arc 
considered incomplete because they contain only pan of the jjenotypes. A nunibcT 
of different types of incompleie-bUKk designs an; uvuilabie < Cochran and Cox. 
1957). The most common type?* used in plant brecdina arc referred to as lattices. 
In a lattice design, u replication is divided into block? that eoUeciively contain 
all the iienoiypes in a test (Ft^. 

The^ incomplete-block designii are intended to provide more control over 
environmental vuriution wiihin a replication than is possible with the complete- 
block deslijn. The ideal situation for genotype evaluation would be to test each 
genotype in the same plot, thus avoiding any environmental variation caused by 
differences in noII fertility, moisture, and other factors within a field. This is 
not possible, so the next beit approach is to adjust the performance of each 
'^§ent3t> pe aeeofdin^-toJthc^rduc^^ of the plot in which it is evaluated. 

If one plot has better fertiluT^nJmoTsKi^ 

replication, the performance ot'a genotype in that plot will be adjusted downwai^d. 
A genotype in a plot with lov».-er produciiviry than the average will have its 
performance adjusted up\\ ard. 

Although individual plot adjustments are not possible, the lattice designs 
permit the performance of a genotype to be adjusted upward or downward 
according to the productivity of the blocks in which it was grown. The random- 
ized complete-block design docs not divide ihe replication into smaller uniis and 
is not able to adjust the performance of a genotype for environmental variation 
within replications. 

The effectiveness of the lattice de^iian in accounting for environmental vari- 
ation within replications depends on the pattern of variation. Figure 19-9 shows 
two replication:* with variation in soil productivity. The soil productivity in 
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figure 19-8 Lattice desisn for an experiment with 42 entries and three rep 
Hcadons. (Adapted from Cochran and Coy., 1957.) For a randomized complete 
block design, there are no blocks within a replication and the entries are assi^nct 
at random to the 42 plots. 



repiication 1 increases from left lo right. The blocks of the laiiice design ar 
arranged in a partem that effectively measures the variation, as evidenced b; 
differences in the mean for each block. The variation in soil productivity I 
replication 2 doe^ not fit a consistent pattern . Much of the variation occurs wiihi 
blocks. &nd the mean performance of the blocks is relatively similar- The laiii*. 
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figure 19-9 The effect of the pattern of variation in soil productivity on the 
effcctivertess of the bttice design in accounting for environmentul variution 
within a replication. The lattice would be more effective in replication I than 
in rcpiicacton 2. 



-dfc.sign-cannot,adt ust for differences In productivity within a block; therefore, it 

would nof be as effective in replitaiiorr21is~itrrepIic3iton-lT 

The effectivcnesii of the lattice design compared with the randomized com- 
piete-block is expressed us relative efficiency. Relative efficiency is computed 
as a ratio of mean squares for experimental error of the two types of design. 

j^jjljuivc mean square for error of lattice ^ 

efficiency " mean square for error of randomized complete-block 

The ratio is used to determine the number of replications that would have to be 
used wtch the randomized complete block to achieve a precision in detecting 
differences among the means of eenocypes equal to that wiih a lattice design. 
A relative eflicieiScv of 150 percent indicates that 50 percent more replication 
would have been needed with a randomized complete -block design than with a 
laitice. 
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The iwo lypes ot'dcsij;n differ in the flexibility chat is possible in a test. The 
randomijed complete-block c.-in uccommodare any number of geno[ype4 or rep- 
Jicadons. The lattice design retjuircs that a specified number of genotypes and 
replicatlonii be included, for example, no lattice design can be used with 44. 
58. or 74 gemnypeh. There is no restriction in a randomised complete-block for 
the length and width of a replication. For example, a test with 72 enirie.'i could 
be planted 8 plots lone by 9 plots wide or 6 plots lone by 12 plots wide. The 
shape of replication for a particular number of genoi>'pcs in a lattice is not as 
flexible. A test with 72 entries could be planted 8 plots long by 9 plots wide, 
not 6 plots long by 12 plots wide. 

The randomization of an experiment ond statistical analysis of data are more 
complex fora lattice than for j randomized complete-block. This can be important 
if the work is done by hand, but not if done by computer. Computer programs 
art available that will readily accommodate either type of design. 



EQUIPMENT FOR EFFICIENT EVALUATION OF GENOTYPES 

The efficient evaluation of a large number of gfrnotypes ij importani for generic 
improvement. Plant breederi have been actively involved in cHe development of 
equipment that permits ihcm to evaluate more genotypes w ith equal or greater 
quuliu than was previously possible. The equipment ranges from simple hand 
devices to sophisticated computers. 

Each crop has unique chamctcristics that influence ihe type of equipment 
used- Even for a cenain crop, breeders differ as to the type of equipment they 
consider most desirable. Here only a small sample of available equipment will 
be used to illustrate how large numbers of genotypes arc evaluated by plant 
breeders. 



Preparation ofSeecl^^or Pljtntirrg- 



The main steps involved in preparing a field experiment include packaging the 
seed and placing it in the proper arransemeni for planting. Computers can be 
used to randomize entries and assign plot numbers. The computer system can 
print an adhesive label for each packet of seed to be packaged. The label contains 
the plot number, the entr>' number, and other information of value to the breeder. 
The plot and entr\- information also can be printed on pages used to record data 
in the field. The same work can be done by hand, bur would require a large 
amount of labor and would be more subject to human error. 

Seed is counted by hand or by clcftronic counting devices. If the number of 
seeds for a plot is large and precise numbers are not required, the seeds may be 
mea>iiir&d bv volume. 
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Pliinlins 

Rapid pluntina of plots can be accomplished with engine-driven pliinicrs. Mui- 
[ipltf-row plots niiiy be planted from a single packet when each row does no c 
requiff the exact same number of iieeds. The seed is pabbed through a divider 
ihdi >epura(C> the .-^ccd into a fraction for jjch row. The divider may be a powered 
Spinning device or a aravity system. 

The plancer can move through che field without stopping. Seed for a n?w is 
placed in a container above a planting cone. When the row is to be planted, the 
container is lifted and the seed drops onto the planting cone. Two types of cones 
are used to disicribuce seed along the fow. For one type, the base turns and curries 
the seed to the outlet. There ii is knocked from the base by a stationary- plate, 
falling through the outlet to the soil. Thiii t>-pe of cone is used for relatively 
small seeds that do not roll easily, such as barley. The second type has fin.s 
mounted on the center cone. The seed falls onto a stationary base and is dragged 
by the tin^ to the outlet. The fins are well suited to relatively brjfe seeds, 
particularly those that have a tendency to roll easily, such as maize and .soybean. 
The length of a ploi is a function of the distance traveled by the planter before 
all the seed has left the cone. At a uunstam ground speed, a cone must turn 
faster for short rows than for long rows. Adjustment of the ^peed of the cone 
mtation can be accompli:ihed readily by several mechanical systems. 

>\'hile the .seed for one plot is being planted, the seed for the ne.\t plot \s 
put in che container above the cone. There are a number of ways to determine 
when the container should be lifted to betiin a plot. One way is lo mark the 
beginning and end of each plot in the field before planting stam. When the 
planter reaches the beginning of a plot, the operator lifts the containers manually 
or electronically. The^ advantage of this procedure is that the location of each 
plot can be identified as soon ti% planting is complete. The ^eca^d way is to use 
a cable extended acro.ss the field that has knobs spaced along it. The spacing 
between knobs is equal to the length of the plot and the alley. For plots that 
~ha\-e-rowsr5-m"lontf^w.ith-aJ„nij|l_e y betueen cheji r. the knobi^ would be spaced 
6 m apart. M the pFanier passe.s by the cable. iheTSobs slfnal-when-the-containcr— 
should be lifted manually, or ii activates an electronic tripping device. The cable 
is moved after each pass across the field. Use of the cable saves time at planting 
by eliminating the need to mark the Stan and end of plots manually. 



Weed Control 

Weed control is accomplished by the use of chemicals, cultivation, and hand 
weeding. The chemicals generally -ore those applied for weed control in com- 
meaHafproduction of the crop. Cuftivation equipment may be especially designed 
for U5C in research fields or may be the same equipment used commercially. 
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Preparation of Plots for Harvest 

Tri^minc of olDis 10 a constant length before harvest is done manually or with 
length 7'*>'"JJ" of each plot to kill the unwanted plants. Th, 

perpendiculBr to the length of the rows. 



Harvest 



TK^ mo.t common tvpc of hu^-ester for the measurement of forage yield in the 

.Tt 1 iTa sI f propelled flail chopper. The machine cuts the plants with 

in « t . fhroS cu, portion Z a collection point behind the nver^ 

^^^l mlriai for a plot mav be collected in a plastic container and woghed 
The plan "^awml for a plot ma ^^^^^ ^ 

::re"r:Tel"trSrcfn be mounted on the machine, The plant material 

cedurc or ° ip-m- One procedure i. to collect that part of the plan 
that ^ars the seed. *ci.h it directly, or csny it to a stationary' muchme for 
that btdti tnc s.^uj. ,c,„uvcd bv hand or may be collected with a 

Sne'" J h a' " mo'e"^ th a collection ba.ke. mounted behind the sickle. 
^fb^T^-e ?ed saUrmav be threshed Immediately or dried for a period of ume 

?^riS?Ska5y^rou5h the machine as they an: threshed. For a second 
to iot^a^ t^^^^^^^ the- material passes through the threshing cyUnd« 
?nd fa is ot^ a siVve that helps separate the seed from the plant debns. .^..r .s 
Ssedf separate the «ed and the plant debris in both types of 

The second procedure for har..e.ting plots is to use a f 'f-P™P=" ^^J^ 
soec fica lv designed for small plots. The plan, part w,th the seed is gathered 
•^ro hfmLwne and passes throush a threshing cylinder, then the seed and plant 

Sor m"'2e -i,hed immediately and discarded. Seed har.es.ed from sc f^ 
propelled machine, generally i^i more subject to mixtures than that har^e«ed 

of *JiVpKor;.'.al unit is used only when the amount of seed harv ested 
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frtmi a pht is reljti\ el\ larizc an<J l> not ^jvcU ibr planiinil. Moairicaiion> or ihe 
commerci-dl combine include reduction of the number of rows harvested and the 
addition of equipment for weigh) n|: the seed, 

Data Collection 

Usually 11 number of characters are measured on each ptoi. such as height, 
aiandability. and yield. The data may be recorded In a field book, then manually 
entered Into the computer for statistical analysis. Akemauvely. the informaiion 
may be recorded in an electronic data collector and transferred directly to the 
computer. This saves time and reducc;> the possibility of human error. Plot and 
entr\' designations also can be recorded on labels that can be read into the data 
collector by an electronic scanner. 



DaU Analysis 

Computers facllUaie the selection of lines by summarizing data in whatever 
manner is beneHciuI to the breeder. They save an e.xiensive amount of time, 
minimize human error, and permit data to be summarized in a short period of 
rime. 
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1C)91- BficKKi. rt/. UHi'i). Chakrahohtv rt «U!994) 
clcn.onstraic that piitc-miiy cun be dcicrmincd .n cases 
where the mother is unavailiiblt for icsiing. LaNG rt 
at (1993) paruallv veconstnictcrt die DNA profile of a 
missing crocodile' pment wing profiles of the mother 
^ind Droeenv. 

CHAKitASOR-n- « «/. tl9S8) and Smouse and MeaCHER 
(1994) report that reliance upon exdwon lOonc has 
usuallv failed to unambigttously resolve paternity. Lmi.- 
tations have stemmed from the use of an insufficient 
number of independent Mpenariabie lod. Otherstatts- 
tical methods are therefore required to calculate the 
likelihood of patemitv- for each nonexcluded male 
JLrv and GEISSER 1986; M>i.CH« 1986; M^«H«t 
Lid THOMPSON 1986; Thompson and Me-achlr 1987 
DEVLIN a al 1988; Berrv 1991). Marshaix rt aL (1998) 
draw attendon to the qualitj^ of da» that is cncotmtercd 
Dracdcally in genotypic sun-'eys. Maternal gcncbc data 
may or tnay not be aN'ailable. data may be absent for 
some candidate males, data may be missing for some 
loci in some individmils, null alleles exist, and cypmg 
errors occur. Rcconstrticting or validating the pedigrees 
of varieties of cultivated plants often provides additional 
challenges because their phylogenies can reveal appar- 
cnt exclusions that masquerade as non-Mendel.an in- 
hcritance. For example, apparent exclusions can occur 
in circumstances where an individual is used as a parent 
Orior to completion of the inbreeding process. The de- 
velopmenl of parent and progeny then continue on 
oarallel butseparate tracks thereby allo%ring the poBibil- 
ity that alleles that are subsequently lost through in- 
breeding in die parent can sdU become fixed in the 
proEcnv. It is also possible to create many offspring from 
a single mating and to t«e the same Parent repeatedly 
in -backcrossing." Therefore, many individual inbred 
lines variedes. or hybrids can be highly related. In con- 

sequCTcerthere-are-ntimerous,(and-QAe. n very similar) 

pedigrees. The effective number of marker loci that can 
discriminate betiveen alternate pedigrees is proportion, 
any reduced as parents arfi increasingly related. Conse- 
quently, inbred lines can be more similar to one or 
more sister or other inbrcds than those inbreds are to 
one or both of their parents. 

It has not been usual to search among hundreds ot 
individuals to identif>- the most probable maternal and 
pat.emaJ candidates for a specific progeny. Mo-st smdies 
of parentage are in circumstances where there is ^ /mon 
information for at least one of the parents (usivally the 
maternal parent) . Umited availability of marker loci and 
the lack of ven- high-ih.<i.ishput gcnotj-ping systems 
offering inexpensive datapoint costs may have focused 
research on studies that involve relatively fciv indwduals 
and where there is at least some a ffrioH indicat.Oi> oi 
oarenia«c. Studies that huvc been conducted without a 
information on parentage indutle spaces ivhere 
reproductive behavior rende. s identificauon of die ma- 
lernal parent difficult or inip.^xsiblc Exuiiiplcs include 



ilm<ic uiideriiikeu on birds thai p.uciiee brood parasit- 
ism (ALOERSON rf al. 1990) or estia-pair copulation 
(Wfi-roN ft aL 1992) or on species such as the wombat 
th.u are difficult to oh^cw in llic wild fTAVi.OR el al. 

Two circumstances favor a revised approach to the 
statistical analysis of pedigree. First, molecular marker 
technologies are rapidly developing and voll allow nu- 
merous lod to be tvped for thousands of individuals 
rapidlv and inexpensively. A greater number and diverv 
sitvof larger-scale studies of pedigree can be expected 
within the plant and animal kingdoms including mdiMd- 
uals in which there is no prior knowledge of pedigree. 
A larger number of markers mean a greater Chance 
for errors. Therefore, the second circumstance follov«: 
Procedures that are efficient and robust in the face of 
apparent exclusions, missing data, and laboratory error 
are required. 

The purpose of this artide is to describe and evaU«tc 
a methodology that can be wed to quantify- the probtibil- 
icv of parentage of hybrid genot>pes, ^^V focus on par- 
entage because it is the primat^• focus of published litera- 
ture and it is the easiest level of ar\cesii>- to understand. 
The method is robust in the face of mutation, pseudo- 
non-Mendelian inheritance (apparent exclusions) due 
10 residual hcterozygositv- in parental seed sources, miss- 
ing data, and laboratory error. The methodology has a 
number of advantages: (i) It can accommodate large 
daiasets of possible ancestors (hundreds of inbreds or 
hvbrids each profiled by >100 marker loci), (ii) " docs 
not require prior knowledge about either parent of the 
hvbrid of interest, (iii) ildoes not require independence 
Of the markers, and (iv) it can successfully discriminate 
beoveen manv highly related and genetically similar ge- 
noKpes. We demonstrate the effectiveness of this ap- 
proach to identify inbred parents of maize (Zfs m^p 
L ) hvbrids using simple sequence repeat (S5R) marker 
—5?ofiiesW5rmaixc-hybrids together wiih-thcir-p^^^^ 
and grandparental genotypes included among a total 
of -Jf, inbred lines. The methodology Is applicable to 
the investigation of parentage for all progeny developed 
from parental mating without subsequent generauons 
of inbreeding. 

MATERLUS AND METHODS 

Algorithm: Consider an index hybrid whose P»«"''''S« 
u.,3vm or in dispute. Inbreds in «n v^WMc dMab=«c i^e 
^^^5e ancestors li the hybrid The obj.rtive is to ftnd^e 
Jrob-..bilLties of closest .nccstry for e;.< h M on Uie b^.s 
If information from SSRs from U.c inclrN 'o''^"* 
mbrcds. There is no reason to trim rh<- 
'"breds thought to be imrelaicd to ihe ii.dex l.vbrid becot..« 
their lack of relationship will be discovevec . 

Ckmsidrr n pnlr of possible ance«o>-s. .nbr« » .«.d "ibrcfl 
; There is nothing special abimr this p;irticiil:>r p»'r a» aa 
Jrsum be ueat cisimilarly. The P--^V''r'h?H- w2Z' 
tl,. pr..bi.bilit^ thatiubr«ls ,nnd>are i.> th.- lub-lrt Nanccstry, 
reiieacii.K (lui for all l>:i!rs of inbreds in thf cUi)yl>i«e. 
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S?lf in face 'Jd; »rc anc««n. Ba>«- mle say, 
jissR*) = nssiuio) X /•('.i)/2tnSSR»U. «) X Pt... ...1. 

indexed b} «artd .. /^SSR*^j^^) J< ^^^^^ 

above '"P^"^": ^trcxp^^ions involving the pair («. 
ri Strf/se rnbrXL example, ch.n ^< n-^r 

J other R-p« of relations or b<!ar no relauon- 
10 M related to Sue particubr pm em of .he 

the above expression, giving: 
f „^«,iw the resulting hvbrid under this assumpuon. Wc 

^IzXrP = 0 99 in SOTT.C of ihe calculations. 

ox'er the wicWic rang" poss'bie Milues oi V " ' ■ 
:;ich it is robust is inhe« m»v be -"^"^-^f ^ "^Po 
-mrs in which case P would have to be <l. iaRi"B " 
^ral b 50 Sllttle penaltv- against a particuU..' pa.r .« «h.ch 
the« 'rppa cnt Llt«ion^fvom direct parentage. There- 
fore llil « P W be <1 means th»t if the tr,.^ pnrcnt* are ... 
rfSJ lhe.t thev «ot be r..led o..r if -here hupP'-" 

tors in the fU.lahase are .nore ren.otc thai. sS....Klpa.e..ts. ine. 



nr.- likelv to be idf.iiiHrd bftui,sv .l.e> -.11 ;.»..all> ha^e the 
lbvc^r niiMnatchci of the linrs t<....s.dtfrcd. ...... . , . 

\Vhen / and j »re a..ce«t.rs rhcrc are l.u.r < '» 

The Xles of 4th inbrcds ;o.id ./ were passed to the h^^^^^^^^^ 

0.50. all of these probabilities equal 0.2=. 

Alt instance of die la« of total P^'^^^'^^'^^^'-J.^^^X 
.qor\ ic that the Ofobabiliiv of obsenmg a hybnd « alleles is 
h^U r:^^ro*thc conditional probability of this event g.ven 

Kv*ridVflenot,-pe is either 1 or 0 depending '>".,'^hether the 

= lahoraiorv en^sr. or iTiwr\-ening breeding, we yep'^'^J'/',, 
^ z^le e^being selected from all known alleles w,* 

are as we have indicated in Table I. addition 
^or-SSlU-theve,a.eah^^ "'r; ^'''r.-T ^^^m^ 



There are t««'o knovffl alleles in add.t.on to t'''*^ 
Sadons in the right half of Table I mII now be cxpla.n ed 

SpiciTXiadni nsf^i.J) -^^^-^^i:::::;:^^^. 

in both the numerator and denorn.nator "^gSR 1 

Lbreds i and J are anccstois of the hybr.d. Conside. »K i_ 
in case 1 aboxx. both ancestors- alleles (as mea-sured by the 

of observing die actual hybrid's genot>Te 's j^^ 
L ■ T^uv 1 In case we assume that inbred » s aiic.c 

tc tJS4 id bS;;d/ does no. ...deed, the hyb.id 
Cfn «Xle. The probabiUtv- of obser^Hng a fr« t'lf 
M^le is 1 /(number or alleles) ' 1/3. as .hov^. '".T^^J^ 

3 is similar In case 4. neither ancestor allele » passed 
S'tL'hS'^ieprobahiUtyofobser^^^^ 
tvpc (or am- hctcroz>-gous Se''"«>P<=). " ^V' '.^ (flL i.t the 
Since^ = 0.50. the overt.ll (unconditional) P'''"^^'^^,™ 
rijhm'ost coUnnn (17/36) is the si...ple average of the fov.r 

o .her^^^,,:,.ne evicle.Ke agai.is. pair U. j) bci.ig ancestors. 
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TABLE I 

. .V ^ ,-,tn«l»- SSRs and four possible combinations (cnaes) 
of alleles ptxsscd, assuming that inoreosianuy ^ ^ 



Probability of obieniirj; ihe 
hybrid's gcnocvpe 



No. of 
SSR allele* 



Hybrid Inbred Jlnbred£ 



1 
3 



S 
5 
6 



ce 



Bb 

Cr 
Od 



1 

0 
0 



Cose 2 

^1/5 
1/5 
0 



Case 3 



1/3 

0 

0 



— Ovcrull 

Cnsc 4 pfobabiliiv' 
nof i, »p<j__P(SS R|i.j) 

2/9 

9/25 7/100 
i/36 2/144 



SSR. simple sequence repeal marker profile. 



1 • * <;sr. s there is even lesi eudence 

^^''^wKit or SsTrio csscntizlly rule out this pa.r- 

P ?o^d the S PCSSRsIi, ». multiply the ind.^.d«a^ 
pdsRU ;> over .he x^riou. SSRi. There are purely cnn,put* 
/■(SSKK. p over int p/ccRK ;\ (.n number between 

dofial issues to i.ddres.v ^^ff ^' |*s^^^^^^ product of 

DfCisciii T/1 bv the s^mc constant lor eacn pair vw. v;. v 
K A Wgest possible ^^X^^^^ J:;:^^^^ 
iince 17/36 Is the largest probabiUt^' for a ^^^^^^^^^^S^i^^ • , - 

«^He';~b^:^ufn=^'^'". •-.^'-'-rd;ub^tsi 

and summed over all po..^ble P-'""f ^^^^^ 
ifts that tor the inbred p»tr under "Ji"*^,""^"- ..''i^i:, ' 
the denominator it> the expression for Z^'- J SSRa). 

PfSSRIi, v) over all inhrcds v wiih i/ = / Call ih;i 

/ pi,|sSRs) for anv inbred i i5 l- B»t ^-ince 

;r£SS5ilchm;iSSRslisclosetoU^^^ 
'lff^^.NA^'r:C?e^ fo'^ 54'.,i.e bybHds .nd 

'"r^S^nd^^^^^^^^ highly bv^^J,^^^ 

chosen because ^Pbroid ar™- of diversity of mni^e 

t^is"SVgro.-n it, d,e Un.tedSt.tes«>ngln5 

A .rji'o^'wi SSR lod were ttsed i,i this study rollowing 



(14)- 17 SSRlod have not yet been mapped. 

jmo^g the loci are unkt^owt» at»d are .rrelevatit for our meth 

"^Snee d»ta for primers thnt allow many o^'^^^'tT-^. 
ot^?)^SSR lod to bc'Utivcd »re .v^ilable at websue h«FK,y 
:*"^^;n.ml«o»,-i,e<lu. .All primer, .ere d«ig"ed^o """^ 
„„,„;,p.iiy..de^^^^ 

renciions. Gcromjc t»p<A l**;! „ ' o.3 units 

of thii mixture to 5 Mth i^^'''"^ f f ."^.^ort an .\BI 

Generally, allele assignations for each 'f^'^^^f'^ ^ g^^j^^, 

^cher cHteria. .uch « the^ P««^^^^^^ iT^^S^^l 

on altUymarUer b.^s 
^ rir^f he allele dictionan-. .Ml allele score, were made 
IhtutL'o^ttnS tke identities of the maize genotype,. 



R£SL'LTS 

Table 2 present the prt>b«biUt.- of closest ^««'">.^f 
the top five inking inbreti "ncs for each of ^ h>bHds 
at 0.30 (Table 2.^1 :tnrt /'= 0-99 (T^ibte 2B). ProhA 
S iL. of ance.Htr^. nre ..hown for all 54 hybrids and he 
u^'nking inbrltls in fig.-e V. P = 0 50 (F^v.e lu) 
W P = O^J (Figv.re lb). Renulu for the hybml:. p c- 
"^L<\ in Table l.trc ..utured at th. top of Figure V 
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TABLE 2 



Prohabilit>' of ancestry oC Bv« hybrids using data obtained from 50, 100, and 195 SSR loci 



Hybd. 




JU lULl 






liU) loci 






lUCt 




(nbd. 


Prob. 


5E 


Inbd. 


Prob. 


SE 




Prob. 


5E 










A. Assuming P » 


0.50 








3417 


SPl 


0.9607 


0.0125 


Pl 


0.5749 


0.0252 


PI 


1.0000 


E07 




P2 


0.8077 


0.1965 


P2 


O.SMI 


0.2235 


P2 


0.9957 


0-0033 




D2P2 


0.1016 


0,1 OSS 


DIP2 


0.1859 




ri 1 DO 


A AA I Q 


A rtA9<l 




DIPS 


O.O907 


0.0927 


SPl 


0.124S 




Uir2 




f AC 




Pi 


0.032 


0.0125 


DlPl 


0.0009 




&P1 


E-Oo 


E-0/ 


S525 


PI 


0.S545 


E-07 


PI 


0,9999 


<E-20 


PI 


LOOOO 


<E-20 




P2 


o.sisa 


E^7 


P2 


0.5437 


<E^20 


P2 


0.9635 


0.0528 




D1P2 


0.1699 


E^7 


D1P2 


0.4563 


<E.'aO 


DIPS 


0.03 65 


0.0528 




GPl 


0.1441 
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E-07 
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E-15 


<E-20 
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OA 
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OA 
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PI 


I.OOOO 


£■05 


PI 


0.9999 
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PI 


1.0000 


<E-20 




P2 


0.9616 


E-OS 


FZ 


0.9997 


E-lO 


P2 


1.0000 


<E-20 




D1P2 


0.0340 


E-10 


DIPS 


0.0003 


E-14 


D1P2 


E-09 


<E-SO 
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D5P2 


E-05 


£•15 


D2P2 


£-14 


<E-20 




D2P2 


n nnn9 




D3P2 


E-06 


E-17 


GCF2 


E-17 


E>17 


3d05 


DlPl 


0.5^S22 


E-03 


DlPl 


0.9303 


0.005S 


PI 


1.0000 


£-08 






0.4927 


E-07 


SP2 


0.62S0 


0.0975 


DIPS 


I.OOOO 


E06 




D2P2 


0.2336 


E-07 


DIPS 


0.2321 


0.061 / 


D2r2 


E-05 


£-06 










D2P2 


0.1317 


0.0372 


P2 


£-07 


E-13 
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PI 


0-0197 


0 OOaS 


D3P2 


E-IO 


E-I6 


3940 


P2 


0.9997 


0.000 1 


P2 


0.9999 


E-05 


P2 


1,0000 


E-09 




DIP2 


0.9203 


0.0009 


PI 


0.9970 


O.OOU 


PI 


1.0000 


E-09 




PI 


0.0648 


£-05 


D1P2 


0.0030 


0.0011 


DIPS 


E'U 


E-n 




DlFl 


0.0127 


JC.-U3 


D2P2 


0.0001 




Ur kirn 




F-I7 




DPIP2 


0.0014 




DP1P2 


0.0001 


E-07 


D2P2 
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B. AMUining P = 


0.99 








3417 


SPl 


0.9995 


0.0001 


Pi 


0.9999 


E-05 


PI 


0.9999 


E4)S 




P2 


o.sasB 


0.1658 


P2 


0.9938 


0.0107 


P2 


0.9999 


E-08 




DIP2 


0,0722 


0-1029 


DIPS 


0.OO61 


0.0107 


D1P2 


E-U 


E-U 




D2P2 


0.0441 


0.0628 


DlPl 


E-05 


E-06 


D2P2 


£-14 


E44 




PI 


0.0004 


0.0001 


SPl 


E-05 


0 


SPl 


£-20 


E-21 




PI 


0.9999 


0 


PI 


0.9999 


0 


PI 


1.0000 


0 




P3 


0.3991 


0 


DIP2 


0.9749 


0 


P2 


0.6J35 


0.4446 




DIPS 


0.1008 


E-U 


P2 


0.025 


0 


D1P2 


0.3864 


0.4446 




^GP-{ _M3 


0 




E-20 


0 


CP2 


E-43 


0 




GPS 


E-06 


£-17 


'SPl 


-E-24 


— 0 


— ^D3P2 




0 


3556 


PI 


1.0000 


0 


PI 


1.0000 


0 


PI 


0.9999 


0 




P2 


0.9996 


0 


P2 


0.9999 


0 


P2 


0.9999 


0 




D!P2 


0.0OO3 


0 


DIP2 


£-09 


0 


D1P2 


E-22 


0 




DlPl 


E-11 


0 


D3P1 


£-21 


0 


D2P1 


E-49 


0 




D2P1 


E-13 


0 


D2Pi 


£-21 


0 


DSP I 


E-54 


0 


3905 


DtPl 


0.9999 


0 


DlPl 


0.9999 


E-OS 


PI 


1.0000 


E-09 




P2 


0.9992 


0 


P2 


0.9999 


E-06 


P2 


0.9947 


E09 




SP2 


0.0006 


0 


DIPS 


E06 


E-06 


D1P2 


O.0052 


E-U 




DIPS 


E-05 


0 


SP2 


E-07 


E-13 


DSP2 


E-I8 


£-18 




D2P2 


£-06 


0 


D2P2 


E-09 


£-10 


DlPl 


E-25 


E-23 


3940 


P2 


0.9999 


E^S 


P2 


1.0000 


E-OS 


PI 


1.0000 


E-09 




DIP2 


0.9999 


E-^8 


PI 


0.9999 


E^5 


P2 


1.0000 


E-09 




PI 


E-06 


E-13 


D1P5 


E-05 


E-05 


D1P2 


E-24 


E-24 




DIPl 


E-08 


E-15 


D2P2 


E-J2 


E-11 


DPIP2 


E-44 


£-44 




DP1P2 


E-12 


E-12 


DP1P2 


E-2i 


E-21 


D2F2 


£-30 





Hybd.. hybrid; Inbd,. inbred: Prob.^ probabilic>". 5E, siftndarrt error, referring to the v.-iri;ibilicy in the results 
of the nuw: PK parent one: P2. paietu nvo; SP1/SP2. full .sibling of parent o"</pat'tin two; D/?l/DtP2. 
derivative* ofpuvent une/parent iwo» index / for dUiinct inbred lines: DPiP2. dcrKutivcs of both parent one 
;\nd p.-ircnt two. 
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A X 
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A A 
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A A 
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A 






36 YM 






A A A 
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X XX 
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3735 
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3t53 
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3 X 


A A 
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A 


X 








-3S93 
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3902 




o 
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A A 


A 




3907 








A 


A 






3914 




^ 


CA 0 A 










39K3S 




o 






X>«K X 






X09I5A 
















XI 1321t 




o 


XXX 










XU32S 




c 


X 


A 


X 0 







7 
-IQ 



r 

-15 



-20 



-25 



7 
-30 



ProbabUlty of anccstiy (logio) 

AAA XXX GCG Parent q:^^ S-Pl.'P^ 

FiouRK L— l:u Probabiliiics of ancesiiy. ussiuuing 0.50, For all 34 hybrids and top rnnking inbrcds— those wiih probability 
of iuiccsdv at IfiJSi lO' "'. (b) Probabilities orui\c«tr>\ assuming F - 0.99. for all 5*1 hybrids and top raiiking inbrcds— those 
with probabilitv ofunccstry at least 10" *'. 
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Hybrids 

Ml 

3525 

3556 

3905 

3940 

3146 

3162 

3ie3 

3199 

3tA12 

3243 

3U53 

32K6i 

3335 

3343 

334« 

3352 

3373 

33C2$ 

33790 

33V18 

34J1 

34S9 

3491 

3496 

34B15 

340St 

3514 

3515 

3540 

3547 

3559 

3563 

356$ 

35B3« 

35R57 

3615 

36YW 

3730 

3733 

3753 

3790 

3S60 

3«93 

3«no 

^3SH53 

38R5: 
3^02 
3907 
3»14 
39K3S 
X0915A 
XI 132R 
\i I32S 



O 
O 
O 

o 
o 
-o 
o 
o 
o 
c 
o 
o 
o 

o 

o 
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-o 
o 
o 
o 
o 
o 
o 

O A 

o 
o 

Q 
C 

HO 
o 

o 

o 
w 



X A 



A 0 

/A 
A 



DC 

A G 



A 
A 



X 

A A 



A 



A 



AM 
A 



X 



A A< 



X 



X A 
A A 



XX X 




X c 



A A 



A £ 



"1 ^ 

-5 



'10 



I 

-15 



I 

-20 



'25 



.30 



Probability of ancesuy (logio) 



WTicn the ulgorithm u*ed = 0.50, the two correct 
pare rt IS were identified as highest in prohiibiUtv- for 48 
{B9%) hvbrifis {Fifjurc 1). For each of 6 hybridi 

3{=?R32. 3905, 3914, and XOyioAl. one parent 
ninked in tht* top hvo places. T)\c other purem ^vtw 
supplaiu<:cl cither by sister inbred nr hy an inbred that 



\vas a direct progeny of that parent. CherAlK 102 
of 108 p?vrental inbveds were conrecUy identified. For 
hybrids where both parents ranked first or second, tbe 
i-aoge of prohabllUles fr>r parental Ihies that ranked fiisi 
fronri among all oilier inbreds ranged from 1.0(H)O to 
0.9997: parental lines ranking second ranj^ed froni 
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1 0000 u> 0AHi-.3. F.;r 35 hybrids, boih purenis hurt p.^.l> 

i «^ fo>- nonpuvenB daat ranked in first or second 

&,.th.proUbUit>ofth<.0,irdan^^^^^^^ 
nnnnarental inbred was ai or below E-06. This iiid caws 
ruh/re U L.lly ver>- Ihtlc uncertainty ab<:«t cIos«t 

ancestors, P = 0 S9 to examioe each 

When the algorithm used f to « . . 1^^^ 

«f the 54 hybrids, both parents verc correcth ideotineo 
?or 52 (96%) of hybridrandfor98% (102/104) of the 
Barents «ro s all hybrids (F.gtire 1). Two hybnds {39 4 
£rX09l5A). in which one parent v.^ 
^^e too two were also in the subset not ranked in the 
"'o ra..i.g P = 0.50 (above). In both cases^eir 
Zvs improved (both to third t^nk) and the j ua 
pa«nt wL suppurated by an inbred that a d.re« 
progeny of the corresponding parental Une. For 49 hy- 
hrfdT both parents had probabilities of ancestry- .n cx- 
„fO 9^ Anione the 3 hybrids hav-ing a parent 
probabiVi. of ancestry bdow 
0999, the lou-est of these probabilities .vas 0.89/6 ano 
the highest probabUity for a third ranking nonpareni 
ai023. For most hybrid, the probabihty for the 
Sd and highest ranked nonparental inbred ^vas at or 

"^Sble i^Uo addresses data analysis in circumstances 
^vhe^e he'tero^vgous loci occur in inbred lines or where 
r hvbrid S scored for the presence of more than t^vo 
tile L per loa«. The presence of more than a single 
Self per iSus in inbred lines is an infrequent occur- 
ence in well-maintained inbred dc^■clopmcnt ^d .eed 
u... u r^«c«hle because -^3-3%- of 



i^rrease orosnims bat is possible because 

r s5n I segregatingand -"-jjf J, 
--from-genotypes.nat.dei!gnatedasp.H?i^J^J^ 
cS,^«ur. For hvbrid^. more thai two alkl^pcTlocus 
o be srorcd ^^^en DNA is extracted from a bulk of 
ndiSual plants and because inbred parents are not 
homotgou* due cither to residual heterozygosity or to 
^r^ination or because one or more direct parent 
of he hvbrid are themselves hybrids. The presence of 
l^'e than one allele per locu. in --^^-^^f'^ ;;^^^^^ 
^„re than two alleles per locus in a hybrid therefore 
r be r mmodated'hy multiple rt.ns of the algo. 
rithm, each with a random choice of tjvo 
loctis ConseqticnUy, standard errors in the 
-,;nu data from 195 loci tend to be very small because 
; re weTe fov loci where an inbred or hybrid sample 
;tra ;«lk of indlnduul plants) scored for more 

nurH.:u';«Ml99H) ,vav.d.wnattention toerror. 
.hat can be encountered in gcnotyping surveys. The.e 
e^O^ncltide missing dau. null alleles, and tjpmg er- 
wrtherefore investis^atcd the robustness of ihc 
"J^riUt «t etminin, the elTectS of modifications in 
If Sor' five hvbrids (MIT. 5525. 3556. 3W.. and 



5940). Fir,t. wc reduced ,hc munhcr <>f ^^^-^^^^^^^^^^ 
ih.. full set of 193 ti' ID" '""l '^^ -'• 

of 50 oc generated incorrect rankings of one parent 
ttdt of two hybna» (.•■■417 ...a S0411, and for botU 
parents of one hybrid (W.()5). .^l of these rnost h.ghh 
Sdnonparentalintareds were closely re ated to the 

^ue oLrents for each of the respective hybrids; s.s d.ffer- 
y^^rre;Uneswereinv61v.d.Fourweredirectpr^^^^^^^ 
of the true parents (one %oth adduional backcrosses 
?rom the trtiJ parent) and nvo were full sisters (from a 
croTs of highl Related inbreds) of the actual parent of 

^oTc S additional backcrossing lo that P-e"0 and 
sister of the true parent. Use of data rem 
Ml 195 loci corrected the placement for one of the 
i n« of hybrid 3905. Two inbn:ds that were not pa. 
JJts o?this hvbrid remained ranked more highly than 
L trvic oarcnis. Both were direct progeny of 
Tt pa^n^^nV^e of these inbreds had additional 
backcrossing to that parent in its pedigree. 
' TO addrel the consequences of laboratonj and o'he 
sources of error, we aruficially compromised daa quai 
Tb "ond the l'e.-e, originally proridcd l^" e .mmating 
specific proportions of alleles that had been ^J^^^^ 
ta'blishi ifg Scenarios where ^^riotis "'^''^^^t^Wes 
icles were not scored) and by. missconng other alleles 
( Ahllihine scenarios where variot« numbers of SSR 
Ss wSored incorrectly). We aUo combined the 
SoSmLingdataandtWonglyscoreddata.-^^^^^^ 

3 cooKiins a summary of the restUts of makmg these 
LSadons in the data. For all "^^^^ 
Tta from ^ x-ssR-teci-and-we-aJso-r-andoTnly-choseSSR_, 

ocTlo cTeate subsets of 50 and 100 lo^- In e-h 
the oroKram was run 20 times for each h bnd/set ot 
vSfen all 195 loci were e«imined. replications dif- 
Si o^ily according to the particular choice of aJldcS 
^Hoci wLre more'than t,so alleles had been sco^ed^ 
To e^■aluatc robustness in the face of mtsstng da^ or 
j;p^?d:ta, we Simulated indhHdttal and cotnbmed 
categories of these data in the hybnd and ^11 « 

arievcls of 2. 5. lO, and 25% of the alleles for each 
S l^v^lds a^d all inbreds bevond the level of error 
L originally scored by the laboratory. We exaijined 
effecB of these levels and types of error for three ues 
Sdatab^se: 50 loci. H.0 loci, ^^^^ 
Th^ «me five hvbrids considerod m Table 2 were rnvesa 
I^ied W17 iVs. 5^56. 390:,. a..d 3940. One of these 
St (39b3) was chosen because J^^J" 
did not rank among the top t^^o places c.cn when the 
complete and unriodified dau In.m all S-bR loci 



etu-ples of rohtistne.« in .he h.ce of additional error 
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ABSTR-\CT 

DettrTT;ination of parentage U fundajucntal to the study of biologv- and co ipplicatioiis such as the 
ideniification of p«dlgr«fts. Ufnitttions costudifis of parcnttg« h^\e swmmed from the t«c of an inaufRcienc 
number of hvpervariable loci and mttmawhcs of alleles thac can be caused by mwiation or by laboraion- 
error and th:it can generate false cxclusioru. fiirthcTtnore, mos; studies of parentage have been Htnited 
to comparisons of small numbers of specific prdiu-progeny triplets thereby precluding large-scale 4iJ»veyi 
of candidate* where there itiav be no prior knowledge of parcnwge. We prcscnc an algoHchrn that can 
dctcm\!nc prf)bahiUcy of parentage in circvimiiances where there is no prior knowtcd^e of pedigree and 
that is robuil in the fucc of missing data or mistyped data, Wc present dacn from 34 wwxat hybridi and 
586 maize inbred* that were profiled wing 195 SSR loci including simLilations of additional lev^h of 
missing and mistyped data to demoniti-ate the utility and flejcibtlity of this algoriihrn. 



DETERMINATION' of parentage is fundamental co 
the study of reprodi;ctive and bcha\ioral biolog>-. 
The increasing availabilit\* of highly discriminant ge- 
nedc markers for many diverse species provides the 
potential co uniquely characterize individuals at numer- 
ous loci and to unambiijuoi^vily resolve parenca^ \vh<;re 
genealogical relauonships are unknoivn, in error, or in 
dispute. 

Identificacion of parent-progeny reladonships (n \^^Id 
populations of animal* and plants provides insights into 
the success of various reproductive strategies (Ell- 
3TR.-VN0 1984; Smouse and Mk^gher 1994; AjLOtitsos 
e( aL 1999) and hits allowed for the implemcncacioti 
^oLmanagement^pro granvi to cQnjer\'c genetic divers; c>' 
(MziXER 1975; R,\NNAt-A and MouNTArN 1^9")"rTh^^ 
ajjfiociation of pedigree with physical appearance or per- 
formance in domesticated animals and planes allow? 
parents that have conmbuted favorable alleles for desir- 
able traits through selective breeding programs to be 
Idendfted (Bowers and Meredith 1997; Sere ft aL 
1998; Van KAN and Faddy 1999). These appUcauons of 
associative genedcs faciUwtc fiirther progreia in genetic 
improvement through breeding. Establishment of par^ 
entage b also useful to secure legal rights of guardian- 
ship in humans, tn hdp protc/:t Intellectual propcrcv- in 
plant varieties, to ^-aiidace breed pedigrees of domesti- 
cated animals, to protect stocks of ftsh, and to identify 
provenance of meat that is a\-ailablc in supermarkets 



Tex;w M. 0- .A|itl<rr!wm <"-**mrr flciiit-r. Holc(/ntbc Bhd.. h*>\ 
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{Corz and Thaller 1993: PRfM.xttR et aL 2000; Wnirt 
H a^. 2000). 

Most studies of pedigree have utillited exclusion analy- 
sis where the molecular nnarker genotypes of either one 
or a restricted number of potential triplets of offapring 
and putative parents are compared. Often the identic^' 
of die mother is not in question; the maternal profile 
is subtracted from chat of the offspring and the deduced 
paternal profile is dien compared with candidate father 
genotypes (Ellstsl^.no l99-i; Hamrick and Schna8EL 
1983). Individuals who could not have contributed the 
paternal genotype arc excluded; the remainder are pos- 
sible parents. Nonpaternity in humans iji generally de- 
clared only on the basis of exclusions exhibited by at 
-least-nyQ-unlinked-andandepej^denti oci. Thti cricerio n 
of exclusion reduces the likelihood of a false dcclartition 
of nonpaternity on the basis of marker results that are 
actually, due to mutation within the phyiogeny. B«s ft 
oL (1998) show that evidence of nonpaternity should 
require exclusions at loci on different chromosomes to 
awid erroneous conclusions that would be made due 
to nondisjunction at meiosis leading to uniparental in- 
heritance. A requirement for at least three independent 
exclusions to declare ooapateniiry in humans has abo 
been instituted (Cunn W hL I9y7>. In suidies of natural 
populations of animals or plants where numerous par- 
ent-progeny triplets are examined it W usu;U to accept 
a single exclusionary event as oidencc of nonpatcmirt" 
(Marshall ft aL 1998). Pateniitv testing has been ex- 
tended to situations where DNA from eUher parent is 
unavailable. For cxanipte, paternity can still he cstab- 
Ibihed in circumstances where the puiuuve father is de- 
ceased but his parents are >iill iilive (Ht.i.siiSEy e>t aL 



Attachment B 



Receivedfroin<51S33(68i3>atW5:04:50PM [Eastern 



Serial No. 09/759,800 



01/06/03 MON 17:30 R 



334 6883 



SI I 

I. mi- BOC.KKI. W CMVkUMlMHl V W ( I'.J'.H) 

clcmnnsu-utti that puu'tnlt^ tatt he cU-icr.iii.ujtl in ca^L-. 
wlierc tht: niothLM- is iinuv.iiluhic f.u" it'sUOg- Lan'c. 

and pro^^cny. 

(1994) report i\v.\i fcjlivmcc upon eKclustori iilonc hu.s 
y.LuIlv f:ail<;cJ CO uiv.wnl^it^uouslv resolve piucrtiicy. Limi- 
mdoni have scemmed tVoni the use of an Insutticicut 
numbcrofmdL-pt-ndetulnpt.tvumblelocl.OLi^ 
lical methocU arc chcrcfotc rcquirt:d lo calculate ih^ 
likeliho.Kl of pnce^riitv for cuch noncscluded male 
(BsRav and Geisser \986; MtiACHER 19S6; MtACHeft 
and THOMPSON 19S6: Thompson and NEf.ACHF.R 193 r. 
DiiVLiN et ai 1983; BerrV 1991). iMaRmHall el ai (1998) 
drawaciendon lo the qualic) of data ih;xt is encountered 
practicallv in genocvpic sunev-s. Nfutcrnal genetic data 
may or mav not be avciilAblc. dut:L may be= absent for 
some caiulidiue male.v dAtu [n;»v be ttiUsing for sonit- 
luL-i in some individiuik. null iillcks t:v:ist. and taping 
errorji occur. Reconstructing rir validuting tlit pedigrcics 
of v-aneiws of cwiUi^-t^ced plcinl:> often providr * nrld>uonal 
chalkngeu beciuise their phytogenies can reveal appar- 
ent exdu^slons th;u ma^iqucrade as non-NEendelian in- 
heritance. For example, apparent exclusions can occur 
ill circumstances ^vhcrc an individual is us*:d as ^ P'^^^nc 
prior to comptedon of the inbreeding process. The de- . 
vclopment of parent and pro.t^eny then condnue on 
parallel butseparate tnicks thereby allo^^nn- the possibd- 
iEV* that alleles that are subscquendy lost through m- 
breedlng in the parent caii sdll become fised in the 
progenv It i-s also possible to creat*? many offspring from 
a single madng luid to use the saine parent repeatedly 
in -hackcrossing/' Therefore, many indindual inbred 
lines, varieties, orhybnds can be highly related. In con- 
sequence, there are numeroui fand uftcn vcn" similar) 
pedigrees. The effecti ve number of marker loci^that can^ 
discriminate bervveen alternate pedi^re^ts propOTtioti- 
alW reduced as parent* are Increasingly related, Conse- 
nuentlv. inbred lines can be more similar to one or 
more sister or other inbrecU than those inbreds are to 
one or both of their parenu. ^ . , c 

U has not been usual to search among hundreds or 
indSiduals to identify- the most probable maternal and 
paternal cartclidatcs for a specific progceny. %to3c studies 
of parentage are in circumscaiKes where there is apnon 
information for at least one of the parents (usiuiUy the 
maternal parent!. Limited arailabiliiy of nvarUer loct and 
ihe lack of ven- hi?h-ihrou«hput ^enotypittg :t>^teins 
oaeriu- inexpensive datapoi.u co^is nuiv have focused 
research on studies ilnu involve rchuiveiy fen individuals 
and where there is at lea,-^t -^cMnc a jjwni indication t^f 
parenia^'e. .Studies that have U vu l otulucred wuhoui n 
nrori iu'tv^niuuiou nii parvnia-f uu huU- sp^xif. whtMe 
reproiluctivc heluiM^^r ivn.U ts uUMititit aiion of ihe tna- 
criiial paieni diitiCuKor iTupn-^sibUv Kx.m^plcs inchule 



PIONEER HI-BRE] 
\» A I'.. I'. •/ 



©078 



tht.M. utwicrtakon .m hirfin tluii iM,i( ii. ^- hiond paruMt^ 
i.ni (.MDKKsns W (tl. IWM ur vMia-puir copulation 
(WVrrtj.-s; et. nL lyU'Jj f>r on sptoe^ sin.h as tlie wombat 
thai aiv dillli.uU ohsei^v in tli«; \^ild ' l ^vi.ok ni 

Two cncuiustances favor a rt.-used approach to die 
statistical unalvsis of pcdi^Jirce. Fltsi. motecular marker 
t(;chnol(;-ie^ are rapidU dcvelopin.^ and will alto^v nu- 
merous loci to bv- t>ped for diousands of Individuals 
rapidlv ;^nd inexpensively. Agrtrater number and diver- 
sity of largc;r-scaU; studied of pc^Iigrcc can be expected 
within the plant and animal kin^rdoms including individ- 
uals in which there is no prior kiu)vderlgfr of pedigree. 
A larger number of markers mean a greater chance 
for errors. Therefore, the second circumstance follows: 
Procedures diat are efftcient and robust In ihe face of 
apparent eiccUisions, missing data, and laboi-acory error 
are required. 

The purpose of this article is to de-icribe and evaluate 
uinclhorlulo^'%- that can he used to .luantif;.' the probabiU 
itv of parentage of hybrid gL nc;typ.:s. \\\- focus on par- 
eiilage because il is die priman- focus of pL»bli.ii\ed luera^ 
nire'iinrl if \r^ rhc caiic^t level of anceuu lo understand. 
The method is robust in the face of mutation, pscudo- 
non-Mendelian inheritance (apparent excliLsion^) due 
to residual heterozygosity in parental seed sources, miss- 
in'^ data and laboraton- error. The methodology- has a 
number of advantages: (i) U Can accommodate large 
datascts of possible ancestors (hundreds of mbreds or 
hvbrids each profiled by >100 marker loci). (ii> it does 
not require prior knowledge about either parent ot the 
hybrid of interest, (iii) it does not require independence 
of die markers, and (ivl it can successfully discnminatc 
betxvcen manv highly related and t^cnetically similar ge- 
not>pes. We dcmotistrate the effectiveness of this ap- 
proach to identify inbred parents of maize (Z*:a mays 
L ) hvbri<U using simple sequence repeat 'SSRJ mariner 
profiles for 54 maire hybrids together with rheir parenca 

and-grandpaceataLgcaots:p.esJjncluded among a total 

of 5S6 inbred lines. The methodol(^g> is applicable to 
the Invesugauon of parentage for .Ul progeny developed 
from parental mating widioui subsequeru generations 
of inbreeding. 

NUT£RLAi-S AND METHODS 

Alfiorithmi Consider an indc>: hyb.id whose parentage is 
unk^o^vii or in dispuce. Inbreds tn an available dacab:..e are 
p...sible ancestors of the h^bnd. The ubjr. ftvc is to hnd he 
Lobuhilicies of do.scst ancesuv for ea* h inh.ed on 
of- iniWrmnrion finm SSRii from the iiulcx h>hnd and the 
inhrorU. There nn ren.srn to trim rhr tl.Mh.i^e b^ re 
iuhrcds thought to be unrelated to rhv ludrx hybrid becni«ic 
iht'ir lack of reiarionsllip will he diM'tverc-rl. 

C t.nMdcr A pair of p^issihl,; .uuestc^ v. i,U>ird : ,uul inhred 
; nu-ir ii nulhiu- sprri;^! ^ib'-ui rh.w (V.i.ti. vlai p.y.- as 
I, ilts '.sill br freati'd siinil.iih. Tlu- ^mm iu^Mht-n , .lu i\\M;'4, 
[l... pn .hithiluv di,.t inhi ecU i nnl i arr in .he- hvhi :d > ant estr^ . 
,qH-iiinj( rhis l"r all p^iir^ ol inbiftK in ilit- vl;ti.ih;iM-. 
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l*»'.H*n. LiM M;. ;1.S>Kj«' sKiinl Inr ilu' l]jt>'iti'riiM i pnilMlnlit', 
[h:ir Kin(l>:iic»iiKC'ili.^)'-'*l ElttM»itlcx h\hnd:;ivLii (li<* inl..<-m.i- 
tior\ fr^mi rhe variolic S??R>i. t.».'t Pf K m:ukI t'>r th<- ;iit« '.nrf,. 
Cttiliut tnC prior) [jn ^Mbililv oi tfu- sume o»-in. KnuiIU. 

where the *iim in the clcn'^nnnacor U over all psirs of iiihrecU. 
iudcstfd hv M and a /^:S.SR.>i^;) X Pd.i^ is ont- uKthe (cniv^ 
in Lh«; denomirtutr^r. ilo compute the dctiomiiKicor in the 
ahow exprtrisirjn. fix a purticuLir order to the inbi'eds in tUt' 
dacahttie and tatc i* < fin cspresiion^ inv(:ilvirg rhc puir ( «. 
v). It ihefe arc 5^!*j iithrcds. for example, then the number 
of pail* and the number of ccmu in the denominucor 
586(537)/2 = 171.99U) Inbreds * and ; may be parents or 
mndp^^rcnts or other cvp« of relations or bear no rclacioiv 
ship at all to the hybrid. If there are more than r^<o ancestors 
in the databsuic, such as bgth parents and all four grandpar- 
ents, then the possible pairs invoKinj these ancestor? wiU 
generally have the highest posterior probabiliiicb. If the hy- 
brid's true parents arc in the database, then as a pair th<^y will 
c\nicallv have the mghcst overall pasterioi" pi'i.Kihility. U U*th 
/audy'happen to be ic\i\tc6 to one pui ciciilar parent of tite 
hybrid, then a? a pair their po^cenor probability will be low 
becatise ihev will not usually account for many of the alleles 
chat are coiitribuccd by the other parent of thr hvbtiU. 

We will make die "no-prior-infomiacion" assumption th:u 
F{u.v) \s Che same for all pairs («. i-). This injplies chnt ihU 
fecior is cancelled from both numerator and denominator In 
the above expression, giving: 

The problem is then :o calculate a typical P{SS^\iJ). Assume 
Inbreds /and ;arc both ancestors. We calculaw the probahiht) 
of observing the resulting hybrid under this assumption. We 
make no assumptions about reladonships among the various 
inbreds* Oiher possible ancestors ^viU be considered itnplicitly 
in the caltubtioTi bv :\IIou-ing their alleles to be introduced 
through brecdiriip v«ch / and;. However, the nauirc of such 
breedings is not .specified. Suppose inbred t*s alleles are (a. 
b). Each descendant of inbred i receives one of these nvo 
alleles or not. Aj\ iminediate descendant receives one **ith 
probabiltcv I (barring mutarionsj. A second gcneradon de- 
scCTdanr 'n-trgives o ne of th em wth prohuhilitx' 0.5. And so 
on. Since de.^ee of aneestn- {if any> ts unknown, we lubel rhe 
actual probabilicv of pawing on one of these alleles to be P- 
Similartv, an alleie from inbred ; has been passed down to the 
hvbrid or not, and die probability of the former is P. In the 
followinif, Pwlll be taken to equal 0.50. alrhouifh we will ^Iso 
consider P = 0.99 in some of die caiculadons. 

Assuming P = 0.50 is consistent with die closest ancestor 
In the database beinj grandparcncs. However, we are not 
intcrtrsted in grandparents pn se. If rhe closest ancestors in 
the database were parents, then as indicated above P should 
equal I {ignoring mutations and laboratoiy errors^. Our pri- 
mary' concern is when the parents arc not in the dutab^ise. In 
this case Pis no ,^reater than 0.30. .Aisuming P * 0.50 is rohiLSi 
over the middle rajitje of pt^ssible v-.tlues of P. One u-nv m 
which \t ia ivbust is if there nuiv be mutations .md tahi^rLUor\- 
errors, in which case P would have lo be <k T.ikm^ P to 
equul levies little peiv.ittv aijiiinst a parricular pair m ■-vhirh 
there is an appurenr <;ScU»sion iVoui ilircM piirtnua^r. Tlicre- 
fuie t:ikiu:.; P to hr <l means iluir if fhf rnic' p.vroin.-i arc in 
Che (l:iijb;isi' rhru the-, ^^ia nn[ lie ruled .>tn if r!\r;;r hapiM-ii 
Hi he mnntiunsniul l;ihwru.»r> rrrf>r^. And If rhf fin^cM .ni< c-^- 
tors in ihrdiUalniNC arc more rt'nuitc thiin -r.uiclpan nts, rhrN 



iuc likt'K he idi iuilit'd fti-i.tHM- ilir^ uiM ummIK h.iw ihr 
tul^nutlcht"; tjl" thr lin''< .it-uln fd. 
When / and yare unce>t-.'r< i\nw jrc f<*ur puSsihiUrks; (I' 
Tlif allcleH of both liibrcds >aiifl /ivorr p;t*^t'd to rhe hybrid, 
(iM iuhrc-d / canie (ht(iU^'h but imi inlnctl ;. (15) inbrcil / 
CLinie rhiTvntih bur nor tnbrr-d .u>d • -It Mt»iiher inHr**d nivwf 
Liui)U:tfri, .■K.^iUtUiLli:^ uiUL'pcm.tciii i;. tiu-^i; ha%e rc:>.jn:Cti\e pi'^i^- 
•abilities /'-. /^U - ^. Pd - ^ - O - ^r- In the ca.sc P = 
0..'ii). all of th«e probabilities n,-2b. 

An instance of the law* of couil probLibi.it) (Ser. 5.:J, 8krks- 
199*>) is th.it the probability of ob^ei-ving a hybrid"? alleles is 
the average of the conditional proh.ibilicv of this event given 
the above four ca-jes. The simplest of the four cases is the 
Jnm possihilicy: the hybrid's alleles are pas.^cd down 

directly from borh Inbreds. the prnbahilit) of obKf^in.g the 
hvbrid's gcaucvpe is either I or 0 depcndinij oii whecher the 
hvbrid shares both inbreds' alleles. CU is especially easy when 
both inbreds arc homozygous,) The other three cases require 
an assumpdon regarding the pf7sslbtlif>- that an inbredS allele 
is not passed to the hybrid but is interrupted by a mutadon. 
a laboratory error, or'tntenening breeding. We regard such 
an allele as bring selected from all known alleles with probahiU 
lev l/(numbcr of alleles^ where ?hc number of alleles is thr 
cowl lumiber of nllelcs kt\f>\^'\^ u.t exist at the lonK io quettion. 
An alien\afi\e appro*u:h would he to use the allelic propor- 
tions thatnre present in the dauiKise (or in atiotherdanba^ej. 
However, the lines in the database may noc l>e randomly 4e- 
Icctcd from any popularjou. For example, a line that ha^ been 
highlv used in breeding would have many derivative lines in 
die database, in which case the frequencies of its alleles will 
he artificially inflated. Assiiniins equal probabiiitieii for the 
variou.'i alleles at a given locus is robust in the Sense that it is 
not atfected by adding and dropping lines from the database. 

There are many case* to consider when computing the 
probabilitv of obsening a hybrid's alleles, dcpcndinjf on the 
n-gosicy of Che hybrid dnd the inbreds. and allowng for the 
pos5ibiltc>- of missing alleles or -extra alleles" in the assessment 
of the hvbrid and inbred genot>pes. These possibiliues are 
TOO numerous w> ILsl Instead we give three simple examples. 
All the e.xamples have hom07>g*>us Inbreds. the .most common 
case. And each of the three hybrids has two alleles, again the 
most common case. We suppose that the me;isurcd alleles for 
three SSRs anda particular trio of hvbrid and ancestor inbreds 
arc as we have indicated in Table I. 

For SSR I there arc three kno^i alleles, one In addition 
to alleles u and * that arc lifted foi- die diree lines (hybrid. 

"inbredWr-and-inbred-;Vin-T;ible_l-Eor-SSR_2-4nd_S.S.(L_3 

there arc c^^o known alleles in addition to those listed. The 
calailationsin the right half of Table I will now be explained. 
Implicit in calculating P{SSR\ ij) is the assumption— required 
in both the numerator and denominator of Bayes* rule— diat 
inbreds / and j are ancestors of the hybrid. Consider SS^ I. 
In case 1 above^ both ancestors' alleles (as measured by the 
laboratorv pn>cess) arc assumed to pass to the index hybrid, 
and so in this ca:tc the hybrid is necessarily ah. The probability 
of obseT^'in!^ the actual' hybrid's genot>-pe is I for case I. as 
shown in Table 1. In case 2. we assume that inbred fs allele 
passes to the hybrid but inbred/s does not. Indeed, the hybrid 
hiis an allele. The probabilitv of obser^inj? a &as the other 
nlleie Is l/(number of allcle^j = l/S. as shown in Table t. 
Case 5 is similar. In case 4. neirhcr ancestor villele is piusaed 
u> the hybrid: the probaljilicv' of obieiMnjr die h>bridS i;euo- 
(spc i.or am* hcreioz>gous jfenoiype^ is - I I. 3>i l - 3» = 'v\ 
Since r =^ 0.5i). rhe overall t uni umliiitMuil) prt>halM]it> in the 
tl>lhtuiM>( column {17. :;(>^ is rlie simple avfia^r- .>f the fuur 
Ca.^t'>. .IS inrlnated in Titbit' I. 

For SSK 1* and -S-SR rhe calcutafiitns .ur similar. Foi .xSR 
thcte i> ^'Muc- cvitlrnce .i^^nnsr pair I /. /) bcintf antvsmrs. 
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oF alleles po.s.^cd. a-ssymin- that inbrKcb i and; are ancestors of tht; h>brtd 



hybrid's gt.Mior;.(>e 



SSR ani.•l'ri^ Hybrid Inbred / ttt1>.xri y / i> ^^0' ^ / ^'-^ ^tSSRfw^ 



1/3 1/3 !I. l" -3»> 

1/5 0 2 !?? 7/100 

: ^^^^ i) 0 0 ^-^^ 



J '3 fltf wt fi^' I 

2 5 W C. (? 



SSR. oniple setiitencc repeat mafkcM' profiiir 



S)080 



but it is not conclusive. Fdr 3 there \s even kiw evidence 
favoring pair {ij). It would not take many 5SRi \%ith e\icteiice 
similar co that for SSR 3 to casentwlly rttic oui this pair- 
provided that othtfr pairs arc not similarly xnconsistenL 

To find the overall P(SSR;^I;". J), muldply the indWiduiil 
P{SSR\i,P over rht.' x-arious SSRjf. Thcrr aro purt-Iy ron\pi-.tii. 
tiniial \wc:s co adda-ss. Each /^SSRI /. ;> is a muubcrr ijcc%vt't'n 
0 and I. Ulicn there arc a gte«ic many S5R.<. chc product of 
these numbers utII be ^'nnishingly amall. To lessen probktris 
with compucadfirtal Underflow, for each SSR wc nuiUipl^ 
/>(SSR)u, v) bv the same constant for each pair (u, v): the 
invei-se of the largest possible such prohahilic)". for example, 
since L7/3(5 is the largest probablltCN- For a heceror^ joii* hybrid 
at an SSR having three alleles (ns is the cswc for SSR I m 
Tabic I), we multiply all factors />(SSR/lu, v) by 3b/ 17. To 
eliminate rcmajning problems with underflow, we do mkuh- 
tions using logarithms (adding mstead of muUiplying) and 
ake ancilogs at the end. 

Theprobabili^x- P(bSRl (i, 'j) is calculated tor all (u. v) puir^ 
and iun»med over all poisiblc pairings in the dncab;ibe, includ- 
ing that for the inbred pair under consideration: This 
ffivtrt the denominacor in the expresdion for P{i. y^SSRsl. 

To determine the pfobabilin- that any parlic^ll;^r inbred, sav 
Inbred f. Is the closest ancestor of the index hybrid, sum 
/»(SSRli v) over alt inhreds LMvith v »/ i Call this /»(ilSSR*t. 
The maximum of P(itSSRs) for any inbred i is I. But -^ince 
diere is one closest ancestor on each side of the faiiuly. the 
sum of /^tlSSRj) over all inbreds i is 2. If there is a parficuhir 
_pjj^^^yPorwhicb-/n'yiSSR&^i-Uclose-toXiKeii.boih.^(jL^^ 
and POISSRiJ scp»ratcK will be close to I. 

SSR data; DNA ^ns extracted from 34 maize hybrids and 
from 586 maize inbrcds. Ml of the hvbrids and most inhreds 
arc proprictan.- products of Pioneer Hi-Bred [ntcmadonal: 
some important publicly bred inbred line* were also included. 
The inbred piirents and grandparents of each hybrid ^vere 
included wdiin the set of inbrcds. Other inbreds chat were 
genotvped include many that are highly related by pedigree 
to parents and ^ndparenta of the hybrids. Tlie hybrids were 
chosen became each has ;i pedigree that is known to us and 
coHectivcIv chev represent a broad array of diversity of nwize 
gcrmplaini that ia cnrrrn tly grown in the United States ran^inj? 
from earlv to late maruriiv. 

A total of IV>3 SSR luci were used In thU study followinj: 
pr'oredtircs dwrnh^'d in SMmt .il {l'A»7i. b..i in<"liKrtl a* 
described below. SSR loti wcie cho-icn on it»e basis th:u ihv\ 
vi\dividuiillv hLHf ht-rn shtuvn t(j Inut? a high power otMi-ii riuti- 
naiion anionic uui/f inlin-H liru^i and i.iiUccti\cK ihey prnvidi- 
hTra5uniplin:<.'l'disrr>i(x fiMi-aCh cin omi .sonur ni. nitht-ir 
SSRUlci. the (*f»ni'\^lMJ4 MUlllllrl 'i tin p;uvJuhc^c^» ut'if h>i Mnl 
ull individual uui^'* i Im .moioims :w t'ltUcms; 1 i.'^'i*. 

Dili). 1 'I*'"- ^ I'*'- " ^ '* ""^ "* 



(14): 17 SSR toci have not yet been mapped. The correlations 
among the loci are unknown and are irrclcvaiu for our meth- 
odology. 

Scc^ucncc data For primer* that allow many of these (and 
other) SSR loci to be assayed are available at website hitp;/-' 
^v^v■^v.c^^I■on.mi^ourl.edu. .-ill priiiirrs were deAigncd 10 anneal 
and ainplif> under a *iM;;lv set of coi:dition< for PC-;R in IO-jj-I 
reactions. Genumic DNA (10 iv^) was amplified in 1.5 mM 
M.<:i». 50 niM KCI. 10 niM Trii-CI (pH 3.3) using 0.;J uiuu 
AmpliTaq Cold DNA polymera.ic iPE Corporation^ olij^onu- 
ckotide primer pairs (otie primer of each pair iva* nuores- 
centlv labeled) at 0.17 i^Nt and Q.i inM dNTPs. This miMurc 
w;is incubated at 95* for 10 min (hot siarO: amplified usin;| 
45 cycles of dennturation ar 95' for 50 sec. annealing at 60 
for 30 sec. extension .u 7i2^ for 85 seci and then terminated 
at 72° for 10 mln. A wtitcr bath therrooeyclcr manufactured 
at pfoneer Hi-Bred Inwrnational was used for PCR reactions. 
PGR products were prepared for electrophoresis by diluting 
3 jji! of each product to a lotal of '27 p.1 using a combination 
of PGR products generated from other loci for that same 
maire ^enot>pc (multiplexing) and/or dH20. Dilution of 1.3 
v,\ of this mi.^ture to 5 with ^el loading dve was performed; 
it wtis then elcctrophorescd at 1700 V for 1.3 hr on ari .ABl 
model 377 automated D.VA .sequencer equipped with GENE- 
SC\N sofrvarc v. 3.0 t PE-.\pplicd Biosv-sccms, foster Cit>-. CA) . 

PGR products were sized automatically using the "local 
Southern^ sizing atgoriihm (Elder and SouTHEiw 1937). 
.\fter sizing of PCR products using CeneScan. alleles were 
nssigned u^in g Cenotv- pcr 3oft\ %Tirc (?E-.A pplicd Biosm ema). 
Generally, allele as5ignation.s for each locus were made on 
the bWcif histogram plots consisung of 0.5-bp bins. Breaks 
bec^^een the histogr;\m plots of >1 bp were generally consid- 
ered to consdtuie separation benccen allele bins: however, 
other criieriu. such as the presence of the nontempiate- 
direcied addition of adenine {^A addition) and naturallv 
occurring l-bp alleles, were used on a markcr-b>-marker basis 
lo define the allele dictionary. All allele icores were made 
without knowing the idenuties of the maize genoopes. 



RESULTS 

Tabic 5 pi-e.-^enLs the prnhabilicv* of closest unceutr.' >f 
ihe cop five i-ankiniJ iiihrcd lines foi' eich of 5 hybtitls 
lU " ().3t) (Tublc ^2A> aiul F = 0.^)9 (Tabltf t>Bi. Prolv> 
biliuc'S of iiivccstrv ;irc shown tor all 34 hybrids '.uul tho 
tup ruiikinti- inbrctN in Fi-urc 1: = (Fi;j:u!e I.h 
and 1^ = O.yy (Fi^mrt- llo. Kcsidts for tlit: livhriiU pti- 
<cMlcd in Tublf ti .uv ri Miitrcd at the top .tlTlf/ure L 



Recehedlr()ni<515334 M83>at 116103 5:04:50 PMlEastemStandardTime] 



01/06/03 MON 17:32 R 



334 6883 PIONEER HI-BREI^M 

ProbabJ[icy dF anc«tr> of Hv« hyhricU iwlnj; dnta obtained from 50, 100, and 195 S5R Inu 



30 tiK t 





ttihj. 






CVI 1 * 






0J)123 




Pi 


0,3077 


0.1 Ooo 






o.uni> 


0.103H 






0.00**7 


0.t)P27 




PI 


0.i)32 


0.0125 




PL 


.. 0.{i545 


E-07 




9-2 




E-<)7 




DtP2 




E-07 




CPl 


0:l441 


E-07 




CP2 


o.ouo 






PL 


1 0000 


E-06 




P2 


0.9616 


E-OS 




DIP*i 


0 0340 


E-IO 




CP!; 


O-OfHS 


E-09 








F.-io 




DlPl 




E-OS 




SP2 


0,4927 


E-07 




D2P2 


0.2S36 


E^7 




DIP2 


0,1622 


E-«)7 




po 






3940 


Pe 


0.9997 


O.OOOl 




DiPt; 


0.9203 


0.0009 




PI 


0.0646 


EJD5 




DlPl 


0.0127 


E-05 




DP1P2 


0.00 u 


0.0009 


3417 


SPl 


0.9995 


O.OOOl 






0.SS36 


o.i6sa 




DIPS 


0.0722 


0.1 029 




D2PS 


0.0441 


0.0623 




PI 


0.00!) i 


0,0001 


35i5 


PI 


0.0999 


0 




P2 


0.3991 


0 






0.1008 


E^ll 




GPl 


E'05 


0 




CPt 


£^06 


E-17 



3905 



3940 



DIP*:! 
DIPI 
D2PI 

DlPl 

P2 

SP2 

DIP2 

D2P2 

PO 

D1P2 
PI 

DlPl 
DPll': 



-hOOOO- 
0.9996 
0.0003 
E*ll 
E-I3 

0-9999 

0.9992 

0.0006 

E-05 

£-06 

0.9999 

0.9999 

E.06 

E4)6 

E-12 



0 
0 
0 
0 

0 
0 
0 
0 
0 

E-OS 

E.13 
E-lo 
E42 











l*.*.> loci 




lllh<l. 






* 

IllDt... 


Pi'uli. 


Sc. 


.A.. .V-siintiiij: - 










PI 


0.37 ty 


0.0232 


PI 




£-1)7 


P2 




0.2235 




0,99.77 


0.0033 


D 1 P2 


0. IW9 


0 22:V'i 


DIP2 


0.0013 


0.0033 


SPl " 


0.12 13 


0.025 


D2P2 


E-06 


£-06 


DlPl 


0.0009 


O.O0O2 


SPl 


£-')6 


EJ)7 


PI 


0.9999 


<E.20 


PI 


1.0000 


<£-20 


PL* 


0.54j7 


<:E-20 


P2 


0.96:53 


0,0r>2.'5 


DlPt! 


0.45d3 


<E-2a 


DiP2 


0,0365 


0,0523 


CPl" 




E-18 


SPl 


E-15 


<E-20 


SPl 


EJ)7 


<£-20 


CP2 


E-16 


<E-2i> 


Pt 


0.9999 


£*10 


PI 


1.0000 


<E-20 


p*_» 


0.9997 


E-IO 


P2 


I -0000 


<E-20 


DIP2 


0.0UO3 


E44 


DIP2 


E-09 


<£.20 


D*^P2 


E-03 


£-15 


D2P2 


E-U 


<E-20 


Dr.P2 


E-nf.» 


E-17 


CiCP2 


E-17 


E47 


DlPl 


o.nsor> 


O.OOjS 


PI 


1.0000 


E-iH 


SP'J 


0.62SO 


0.U976 


D I P2 


1. 0000 




DIP2 


0.2S21 


0.0617 


D2P2 


E.06 


E-06 


D2P2 


o.uir 


0.O372 


P-J 


E-07 


E-13 


PI 


0.0197 


0.0053 


D3P2 


E-IO 


E-16 


P2 


0.9999 


£-05 


P2 


1. 0000 


^^n 


PI 


0.9970 


0,001 1 


PI 


1.0000 


E-09 


DIP2 


O.a03r> 


o.onii 


DtP2 


E-lt 


E-U 


D2P2 


O.OOOl 


E-*)5 


DP1P2 


£.17 


E'lT 


DP1F2 


O.OOQl 


E-<)7 


D2P2 


£.19 


E'lS 


B. .Assuming P - 


0,99 








PI 


0.9999 




PI 


0.9999 


E-06 


P2 


0.993^ 


0.0107 


P2 


0.9999 


£4)8 


DIP2 


0.0061 


0.0107 


DIP2 


£.11 


E^ll 


DlPl 


E-05 


£4)6 


D2P2 


£-14 


E-14 


SPl 




0 


sn 


E'20 


E-21 


PI 


0.9999 


0 


PI 


i.ontw 


0 


01P2 


09749 


0 


F2 


0.6135 


0.4446 


P2 


o.im 


0 


DIP2 


0.3S64 


0.4446 


D2P2 


E-2t) 


0 


CP2 


E-4iS 


0 


SPl 


E-24 


0 


D2P2 


E-49 


0 


-P4 


LOililO 


0 


PI 


0.9999 


0 


Pii 


0.9999 


0 


P2 


0:9999~^ 


"~o 


DIP2 


E-09 


0 


DIP2 


E^22 


0 


OJPl 


e-21 


0 


D2PI 


£-49 


0 


D2F1 


E-21 


0 


D3PI 


E-54 


0 


DlPl 


0.9999 


E45g 


PI 


1.0000 


E4)9 


P'2 


0 9999 


E^)6 


P2 


0.9947 


E-')9 


DIP2 


E-06 


£-06 


DIPS 


0.0055 


E'll 


SPi! 


E-07 


E-13 


D2P2 


E-13 


E-13 


D2P2 


E-09 


E-IO 


DlPl 


E-25 


£-25 


P2 


I.IJOtK) 


E-OM 


PI 


1,0000 


E-09 


PI 


0.0999 


E-05 


P2 


1.0000 


E-09 


DIP2 


E-ns 


E-')5 


01P2 


£-24 


E-24 


D2P2 


£-12 


E'll 


DPIP2 


£-14 


E-H 


DPIP2 


E-21 


£-21 


02P'2 


E.;>0 


£-*9 



Hvhft.. hvhrid; InM,. itihrcri: Prob., probability: SE. scanflairl error, rcferriti^^ lo the vaHabilky in the reanlw 
of the runs: PI- p;irc!»t unr: P2. piirt-iu two: SPl mMIm!; of pareru one piimu two: Df?l.- D'P2. 

<lefH\;ifiu's t^t jMiriif .itic parcitf ruo. \u<\c\ i for th.-fifift iiibivtl lines; DPIP'J. fleriv.uivc-* uMioth (Siirern otic 



©081 

^17 



Received (roni<5153W6883>at1/6l035:04:50PM [Eastern Stan^^ 



01/06/03 MON 17:32 Fj 
.Sl.s 

a 

Hvbnds 



334 8883 PIONEER HI-BREJ^PM 

I). -V P/.';iv W -^/. 



@)082 



352? 



A 



3Vf|5 


1€* 




A 


A 






j9-;o 


- 










A A 


j 1 Ifl 


















ji A jii: A 








3Id3 












A 


3189 














11AI3 






A 








3245 


c 




£i 






X 


32;JS 














32K61 


"O 












3.1 .Id 






X 


A 




A 


3343 


o 








X 


>G A A 


3348 


c 










A >!tC X 


3332 


o 








A 6 


A 


3373 


c 




A 




A 


X 


33G2fi 












33T90 


o 










x:< X 


33Y1S 


o 










□ A 


3>t[t 


o 




A 


A 


X 


•K 


34f» 


'•J 




A 








3-19 i 






u i »: 








3496 


o 




X 


'. / 

A 


X 


X 


34B13 


— 




X X ■:: 








34G3I 






X AM 








33U 


o 










A A A 


3315 


o 




& 






3340 


o 






A 


A 


X 


3547 


c 




A^ 








355^ 


o 










A A 


3503 


o 


A 


A 






3368 




A 


A 


X 






35B3fi 


o 




A AA 








33R57 


c 


A A 


A 








3613 










A 




3<iY9J 




A A 


A 








3730 


o 


X 


XX 


X 






3733 


c 










3753 








X 






37*>tl 


o 








A 


A 


3SbO 






A 








3W3 


•a 


C A 


C X 






3«ra 












H ;< X 


3»Pf)5 


w 


jr. 






-38Ri2 ! 




a 


jte 








3902 






A~^ 


-a 




3W7 








A 




A 


3914 






Uii O A 








39K3S 


c 








XJiK X 


^aJ9I5A ' 






CA 








XM32R - 


c 


X 










xn3is - 


c 




X 


A 


X Q 










1 


1 


-T— 


1 • 1 » i ' 1 



D-PI/P2 



-10 -15 -20 

Pnsbabtliiy of anccstn* (logtv) 
v ,r Others Parent 



-25 



-30 



S-PI/P2 



Fitit.'KK i, — (.11 Pnihiihiliiies ot\uict;.sttv. ,issumin.^ P = 0„>0. tor .ill hvhrkia and top rnuUitix inbieds— chose wlch probability 
ot'Anccsu-v M U•;l^l HI \U> Prut>aliiruu:> of jticcstn'. i\isiiiiiin>i /* = 0/.**.'. foi nil y\ hUii'nU .tncl top r^mkhiK inbrudd—thoAtf 
wirli pn>lv.itiilit\. nf .im t^lvv ;u lc;iM \\) 



Received lroin<5153346$33>atimS:(l4:50PM [Eastern standard 



01/06/03 MON 17:32 FAX ^r334 6d83 



PIONEER HI -BRED 

l»t..hjlii!iu III An<«"^ti^ L'-iii- 



@)083 



s]* 



Hvbndi 

31-16 

316: 

3163 

3159 

31A12 

3345 

3^IS5 

31K61 

3J35 

33^3 

3348 

335: 

3373 

3302$ 

33TW 

33YIS 

3411 

34S9 

3491 

y406 

34B15 

34C8I 

32 14 

3315 

3540 

3547 

3539 

3563 

356S 

33K6 

3SR57 

3615 

36Y93 

3730 

3733 

3753 

3790 

3S60 

3893 

38rro 

3SP03 

3SR52 
3902 

— 3907 

3914 
39K3S 
X0911A 
Xt 131A 
XI I32S 



A 



c 

O A 

O 

o 



A A 



AM 



A 

£^ iL A 
A 

A A 
A 



X A 
A A 



X X X 



A A ; 



A 2 



21 ^ 



-3 



1— 

-10 



X 

1 ^ 

-15 



-20 



-25 



-50 



Probabilil>' of anccstJ>- (logi.O 



When tht^ iilyroiTtlun lwccI /* = 0.30. ilu- two correct 
pai'cuts ^^rt e ideniificrl its hi*;hcst in pvoh.ihiliiv for 4? 

txuikod in tlu- u»p two platus. Tiic udit-r piuctit ^^as 
sitpplaiiiffl t'iiiu r bv iisi>tci- inl)['ctl or In .\\\ initrt'd itial 



u':w n direct pri)j<c!iy ot ihut piireiu. CKcr.ill. H)'i i tH*^? » 
of 108 parencnl Lcibrods iverc coiTcctly idciuihcd. Pi^r 
hybrids where both parunLs ranked ftrit t>r sot oud. the 
range nf pi » ih.ibiliiir^ t'l -r p;iieuut Uiitf?! thai ranked ^irM 
from LiiTu,ni>? itii luher iiihrrds r.in,iyi;d iVotu I to 
U.yWT: piu'eiULxl llms rimkiti!^ seeond n\M.U''d trittn 
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l.OO(K) lit f^.\H'».'f.'v F'lr !ivl)i Uts. I>*)ih purt.'ul> luul |M(il>- 
iibtliiics o| uMLCNLiv in execs.-* ot'O.U*.''.;. t'liibitlwliiii s cil 

pUux's ux'if l'[t)iii O.y.i^jy u> 0.7<).>4. Ffji" tlie iiutjt*iiL> 
jj J Is, :iti jji i!'..' . -1 i!.*., ...i; ■ 1 .l,,^ ii.,,;.; ; -t 
ruinparrtuu! inbred u-ls at i^i* below t-Oti. Thi.s iiKliciiic** 
thiit Lln-i f umulIIv vc:> lictlc uiit:<;t'tLUtitv iibmit t:l(i?it*.st 
ancestors. 

When the alguriibin used P = 0.99 Lo cxanniie tach 
cFthe 5-1 hyhrifh. both parcncs were corrccclv iflei^ciRed 
for 32 {9i)%} of hybrids aad for 9S?3 (102 ' 104) of che 
piiientii ucias-s all bybridi (Figure I). Two hybrids f 159 14 
and X09L5A;. in which one ptirent wns not ranked in 
the top two, were also in the subset not ranked »n the 
top two assuming P - 0,50 (above). In both coses their 
ranks improved (boih to third rankj and the actual 
parent vtas supplanted by inbred that was a direct 
progeny of the corresponding parental line. For 49 hy- 
brids, both p:irents had probabilities oFancestrv* in e.>:- 
ceis of 0.909. AnioiijjT the 5 hybrids hAving a piirent 
ranking second a probabilitj of ance^tiy below 
0.999, the lowest of these probahiHties was O..S97fi and 
the highest probability for a third ranking nonparent 
was O.i023. For most hybrids the probabilitj* for the 
third and highest ranked nonparental inbred vvas ;i( of 
below E-IO. 

Tabl<? 2 also Addresses data analysis in circumiiances 
where heterOiVgous loci occur in Inbred lines or where 
a hybrid is scored for the presence of more than nvo 
alleles per lociU!. The presence of more than a single 
allele per locibi in inbred lines is an infrequent occur- 
rence in well-maintained inbred development and seed 
increase program-i but is possible because '^^3-5'^? of 
loci can still be segregating and unintended pollination 
from genotype*? not designated as parents of the hybrid 
can occur. For hybrids, more than n^o allele;* per locus 
can be scored when DNA is e.xtracted from a bulk of 
^io di>id.u;\L plan ts and b ecause inbred parents are nor 
homo<c>'goiis due either to residual hetero^gositj* or to 
contamination or becaiLse one or more direct parents 
of the hybrid are themselves hybricb. The presence of 
more than one allele per locus in an inbred line and 
more than two alleles per locus in a hybrid therefore 
can be accommodated by multiple r^ins of the algo- 
rithm, each with a random choice of two alleles per 
locus. Consequently, standard errors in the case of ana- 
ly^jing data from 195 loci tend to be verv* small because 
there were few loci where an inbred or hybrid sample 
(from a bulk of individual plants) was scored for mtire 
than tw(» all c Its. 

MARSHALL W/i^. (19981 luux* r I rawn attention to errors 
clua can be encouiiicrecl iti ;^enutypinjjf iurreys. Tliese 
errfMS include nii>.sinj; daia. null alleles, wnd typing c-r* 
ntrs. We thtrfhirt- invt-.^tiirAtrrl tlic rnbu^u»es>. of iht- 
alt;<M'ithin b'.' e.>:*Uiiininy iht- t-U'ecCH of nui^lil-iciuton^ in 
the data tor f-ivv lixhiirl> iCUlT. :i.Vjr>. :iVMh">, .uul 



S^M'tj. Fii'^t, vvc reclut '*tl lUc luunhcr t-ifSMv* uscil. fnnn 
Llif lull SCI of lL»:"j to lt'(» anil ihcti to .>l> ^Tubk- L>c 
fif r>ft loi.i gi'iicratcfl im.oMM.i rankini^< of one parent 
\'uf cacti of iw'tf lubutU t:>4i7 aiul .'VJ-Wii and tor both 

^• - Iv- M • .f i:. 

ranked nunparenciil inbreds were closely related to the 
U'ue p<ircnts for each of -lie rc:ipec:uve hybrids: dilfc:- 
cnC inbred lines were invohed. Four were direct pro;.^e:i\ 
of the tiiie parents (one with additional biLckcrosscs 
from the true pi\rent'» and cwo were full listers (from a 
cross of highly related inbreds) of the actual parent of 
t!ie hybrid. Using 100 loci resulted in correct parental 
rankings for all hybrid.s except for 3905 where neither 
parent ranked in first or second place. Four inbreds 
outT*ankcd the true parents of 3905. .AJl four nonpatents 
were closely related to the respccuve tn.ie pareiiis; three 
were direct progeny of the true parent of the hybrid 
(one with additional backcrossing to that parent) and 
one ssiis a full sister of the true parent. U-^e of data from 
all I9r> loci corrccced the placfrn^MU for one of the 
pat'cfUs of hybrid 5905. Two lubrcd^; tliat WL-re not par- 
ents of thiri hybrid renvoi tied ranked more highly tlr.m 
one of the true parents. Both were direct progeny of 
that parenti and one of these Inbreds had additional 
backcrossing to that parent in its pedigree. 

To address the consequences of laboratory* and other 
sources of error, we artificially compromised data qual- 
ity beyond the level originally provided by eliminaring 
specific proportions of alleles that had been scored (es- 
tablishing scenarios where \*arious numbers of SSR al- 
leles were not scored^ and by misscoring other allele^; 
(establishing scenarios where 'various numbers of SSR 
alleles were scored incorrecdy). We abo Combined the 
scenarios of rnissing data and wrongly scored data. Tabic 
3 contains a summaiy of the results of making these 
modificadons in die data. For all modifications we a^ed 
data from all SSR loci and we also randomly chose SSR 
loci to create subsets of 50 and 100 loci- In each case, 
-ihe-progranv^ws-r-un-20-dm cs-fo r-each-lvyis rid^et^ o£_ ^ 
loci. 'When all 195 loci were examined, replications dif- 
fered only according to tile particular choice of alleles 
for loci where more than ^^•o alleles had been scored. 

To CA'aluatc robustness in the face of missing data or 
mistyped data, we sinuilated individual and combined 
categories of these daca in the hybrid and all inbred 
lines at levels of 2, 5. 10,and of the alleles for each 
of five hybrids and all inbreds bevond the le\ el of error 
a< originally scored by the laboratoiy. We examined the 
effects of these levels and t> pes of error for three si^cs 
of database: 50 loci. 100 loci, and all 195 scored loci. 
Tlic same five hybrids considcn rl in Table t! were investi- 
jCatcil: ^i4l7. 3525. 3556. :^9^l'. and riy40. One of thej-e 
lH'bi'id.s (3905 1 was chosen ht cause one of its pareiiLs 
did not rank amont; tlu- top rwo places even when the 
tompltTe and nnnii»<liiit-(l data loMti all S.SR loci wt;re 
u^L'd. 

t.sainpk-^ of rohu-itnt.'^s in tin* lace *>f a<lilitional error 
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liir fi\r liybiifi:, \\>\n\i, suhM-ts <i(M) .uitl hm Im i luirl .ill 
Int 1 utv slit»ivi! it! Tabk* \< miiiil>ct% ot p«uc[\ts 

r.iiikiriii iiKri rli<* Ujp two pliifci Ut**- pit "it'tiU'd, De\y[farla- 
tiori ill iIK' pi'<;f"LCet\ti;d iiK^kiii^ nt piirciU iflhictU ;it il 
I. : ..: ....! . !. ' V..., lur ..t:.- 

hybrid (33:^5) uich usiifje of 50. 100. oc all 5SR loci. 
D( ;^ru(lauwn in chc prcicrcittial rutikiii.!^ of purr nc in- 
btecls at a level of 25% additi(»nal mis.^corcd duia ^VJUJ 
sKfjwn fof hybrid 355o. U'htfii botli ucltUtioriii] levdi of 
rtiUslnt/ urtfj misscored dnui were simLilcitcjd, degrudcUion 
in the iibiUty to prefercncially rank inbred parents oc- 
curred for all hybrids and for all sets of SSR (50. 100. 
and 193 loci) except for hybrid 3417 when data from 
195 SSR loci were used. Over all five hybrids, use of 100 
loci improved robustness from the use of 50 loci; tise 
of 195 loci further improved robuatness for four hybrids 
(3417, 3525, 3905, and 3940). The degree of improve- 
meni: was small, except for hybrid 3905. 

W'c also ranked inbred^ according to their probabilit>' 
ot*iinccstr\- of hybrids when both parents and all inbred 
derivatives and Full-sifter Inbreds of the respective in- 
bred parents for each hybrid were excluded from the 
analysis. The results are too voUiminotLS co present here 
but am be summarised as foilov^•s: Using P - 0.50, a 
jrandparem of each respecuve hybrid ranked into first 
pla.ce for 41 (76%) hybrids; probabilities n.inged from 
0.4^76 to l.O and most were above 0.9999. Other claisei 
of inbieds that ranked. in first position for probabilic>- 
of ancesir>' were inbreds derived directly by pedigree 
from a grandparent of tile respective hybrid (DGP) fQr 
of hybrids, inbrcds derived directly by pedigree 
from a great-grandparenc of the respective hybrid 
(DCCP) fof yfi of hybrids, and otte class Cl^ of hy- 
brids) ulch an inbred ranked into first pboe that was 
directly related by pedigree to the great-great-grandpar- 
cnt of that hybrid. Inbreds that ranked in second posi- 
tion were related to the respective parcnLs of the hybrid 
-as-fc)Uovv$ r-Thi tx>'^iie_(3.t?&.of-h\'b dcUJ-were-a-gran dpar:L_ 
ent of the respective hybrid. H 1.20%) were cla:ised as 
DGP. 7 (13%) were DCGP. I u-j* class DCGCP, 
3ncl 4 (79t) were a greai-grandpftrrnr (GCP) of the 
respecuve hvbrid. 0^■e^ all hybrids, two of the four 
grandparents I'anked into first and second posidons for 
23 (43*!^) of hybrids); three grandparents ranked into 
the first three positions for 5 (9^ of hvbridsL There 
were no Instances whert? all four grandparents ranked 
into the first four po.sitions. Thiit>' hybrids had a grand* 
parent ranked into firFC position usinu P - 0.99, "Hic 
number of {grandparents ranked into the top five posi- 
tit HIS w.L< O:^ I compared to IM-'S whet) /* ^ f)..jn;. Tlie 
number of tfrandparenw rankinnj intt> tlu- top two p>osi- 
tinns t%u*« icompared to 71 ivhen P • The 
n\ean piDlnibility of a *TrAn<lp;ircni th;i( ranked into the 
Hisi fui» po'iicions was n.oi^v;,^; ,<^\y - (j | [-^.j, uiicn P ^ 
0.30 and fl.iH»HO (Sl> = 'U)l()4/ uhvn /' = n'.^'A 
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'Ihr previik'ut use of paternity inilice^ fUnnntiNiratcs 
lli;tt ir. i-^ .ul'.atil.i:^^e'Ki.* to Invvc c\pli».it jhuhiliiiis uf 
atiCL-^tr-* lit ciisu!is(uish amonu" fliU'LTtnr pfdi.i;rrt."<. Mn- 
k-Li-iLa ;tt.ii .^wi pi'Miic*' ai*-- rapitii\ bet* niiiii;^ iii'Mf »:N- 
tensive anrt cost efffClivc to generate. Feaivues that would 
aclvatu t; ilie itatisdcal anaK^iis of molecular mar ker tk»ta 
to prtA'ide explicit probabilities of ance:*liy iru'iude the 
ability to calculate probabilities of ancestry where there 
is no ///JrVr/i? information as to the ideiuit> ofune f u.>ually 
the matertialj parent and robustness !n the faceof labcn 
rator. error. 

Maizt; inbred lines and hybrids provide a ver>' exacting 
act of materials for e^'aluating thediscrimin;Uor.' abilities 
of molecular data and statistical procedures that are 
employed to interpret those data. Hundreds of maize 
inbred lines of knowTi pedigree together encompass a 
great diversity and complexity of pedigree relationships. 
Some inhrerl lint."; can he ver\- highly related atul yeneti- 
ciilly siniil.ir due to their derivation from conmitMi par- 
ent;\ge including from parents that are themsclvL-s hlglily 
related. Consequcndy. relationship categories such as 
■*sister*' or "parent' when applied to mai:ic inbieds usu- 
ally refer to closer degrees of pedigree relationship and, 
thus, of germpliism and molecular marker profile simi- 
larity thar\ those of the equivalently named classes of 
relationship for animal species. iMost maize hybrids that 
are widely used in the L'ntted States today are con- 
structed from pairs of inbred tines that are unrelated 
by pedigree, each inbred parent ha\Hng been bred from 
a separate "pool" of germplasm. Various degrees of relat- 
edness are possible between hybrids according to the 
pedigree reiauoivships among their constituent inbred 
parents. 

Using P= 0.99 in the algorithm Is more specific for 
idenufying parents than using P « 0.50. Ho^vcver. P = 
0.99 is less rohiust for identifying other relatives. .*uch 
as grandpiirents. VVIien ^he algorithm was rtm at P = 
030 there were 6 hybrids for which one parent did not 
mnk among the top two most probable genotypes. For 
rhe remaining 45 hybrids the Lorrect parents were iden- 
dfied even in circumstances where other candidate in- 
breds included not only full-sister lines bred from re- 
laced parents but also inbreds even more closely related 
lo the true parent by virtue of being backcro*s conver- 
sions of the inbred piircnt of tlie hybrid. For each of 
tile 6 hybrids where a non parent i-anked above a true 
parent, that higher ranked inbred ^vas alwax*^ cither a 
sister or progeny of the outranked true parent. Tlie 
rnnj/e of pr:r\v^vtjt: relationships as e>:prf;ssed bv tlic 
Matectutocfficieniof relatedness (NULKCm' 194^^^ thai 
wite cnt'i-ifnpiu-i'-ecl by pairs of true parents and nn^iv 
highly rankffl inhrLcl relatives of the uuc p.irt'in.s w:ls 
from O.iS.SiiO ti» l^ufiso. A coefficit-nr of appntxi- 
matrs a rv!ati< •rt'-hip ht-iwtfeM inbred .\ .ind A' where 
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inlucfl .V li;(>i ticcii brcrl tinm ;i cm^s ol iiihicfls A :m<t 
tV with Ijchu'cii tmc aittl u^u ,Klclki"iKLl Ij.u ki.ius.su:, "l 
tlic piirLiiial nihn.'cl A. AM*iU*<.nt cnt-ffU irtiC of icUtioti- 
yh\\j ul* i).'.»t)-^() tji(.>el> a(j[;n>\iituitLN :l i cUuioiisliip be- 
c^ve!ii iiihrefl*. A ;inrl V wht-rc fMur urlfllrinnal back- 

inl)rcds A and B. 

Runuin)^ the algorithm ii ^ = fX'J*!* in coit^puristiit w» 
P - O.ji) r:u.scs thf probabilUy ofanccsay for che purcuLs 
while diminishing chc probabilities fur the ihird and 
lowtrr milking candifl:i;e iubrtcl lines. L*se of the al^i>- 
riOuu iit P = 0.99 iucreLL^ed bodi che percentage of 
h\bt'icls ^v'ith b«;rh parents ranked in d^c fir^c t^vo po.si- 
tioni (from 89 to 96^) and chc percentage of parencal 
inbrcds thai were ranked first and second (from 94 to 
98%). Two hybrids and X0915A) did not have 

both parents rtrnkcd first and second when the algo- 
rithm was cun at P = 0.99. For bodi of these hybrids 
the nonparencal inbred thai outranked the true parent 
wiLs itself a piodtict by pt-di'^TOc frtjm tho inie parent 
that had been creatiKl by an additional four backgrowo 
of that parent; the Maltcot coefficient of relationship 
between the parent of the hybrid and the Inbred that 
outranked chat parent for dicse t^vo hybrids was 0.9636. 

Robustness was tested by e^'aluaung the effects of us- 
ing daia frorti different numbers of loci And by simulat- 
inij addidonal levels of missing and miijscored data up 
to combined levelsi of 25^^ error beyond that which was 
provided by the laboratory. From our experience, error 
rates of ^ to 10% can occur in SSR profiling of maize 
due chiefly to the combined effects of residual heterozy- 
gosity among seed lot:? Luid by deficiencies in the scoring 
of hcterozy^otes in hybrids. The additional levels of 
simulated error, thereft;re, include %-alues (tip to ^Sd*"^ 
total error) that are well outside of our experience, for 
five h>-brids that were examined, increasing the number 
of loci from 30 to 100 (unth no additional mis.sing or 
misscored data^ dirt reduce the number of instances 
where inbreds that were not parents of a hybrid out- 
rankcd the true parent from four to one. Nonethele.W, 
all of these more highly ranked inbreds, although they 
were not themselves the true parent of tl^e respective 
hybrid, were either direct progeny or full sisters of the 
true parent (Table 2l. Con;iequendy% if such degrees of 
error can be tolerated in respect of pedigrees for inbreds 
that are identified as parent of hybrids, then SSR data 
from 50 loci of equivalent discrimination ability are 
sufficient- Use of data from nO loci also evidenced ro- 
bustness in the face of up to 10^ additional level.-* of 
either mis-^lnjc or mij^'icored d:iia: no degradation in the 
abilici' to identifv a parent .ipparciit up die level of 
lOfo itdditional en-or except tor U^^l- lultlitional mii-iing 
and misscoretl alleles for khw hvhrid ^;VVJp; Table 3). 
However, tuse of 1<H> loci i»u reiu*^ d the proportion of 
true parenis thai wlmv corri'Ctlv idtrntifu'fl from yyr. 
(for r>i) loril to 7\''r iineun Ct^rrccc p;iirtit:i over all 



kvi'N Ml error: T-iblc "M. L'se of <r.uu from UJ:'> loci 
pttAidttl ;^iL-utf! ri>ilieni.y uj;,iin>i addiili *Mal If.cU ol 
errt>r. However. li>ic of data W mw Hi.'> loci w;ls uo^ihlc to 
jjiuvidu* rv'iilienLy aj^:iinst ihc nt^ailse vITecL> of afUliiij^ 
coinhined levels t'ai -:>^t t of both missing; :uifl tnis<r:ort'd 
daU '.'i LlbiL- J}. .-Vt tile lt:\.c-l of addi LiotMl puof dlil.i 

inte^^^rity, inbrcds that were not related to die true parent 
of the li>brid outranked die true parent tor four of the 
five hybrids. Levels of mis.s*ingor misicored data should, 
therefore, be kept below 15-20'^ (assuming a level of 
5-lO^b error in the data we analyzed prior to iimui;uing 
addidonal error). 

We have previously e>camined the pedigrees of in- 
breds that are ranked into the finst two positions when 
the true pai*ents are removed from the lUt of candidate 
inbred lines. Usually, direct progeny or full listers of 
the true parents then rank most highly (data not pre- 
sented). We therefore examined the rankings of inbreds 
with respect to their ranking and probability of Inclusion 
in the anccslty of each hybrid after die renuiviil 
only of the true pi-trctus, but also of the pro«(i.*ny of the 
true parents and any full slstrr-; of ihn trut pat eot-v. iw 
these circurnsLinces rhe grandparents of the hybrids arc 
ranked predominantly into top positions. Using P = 
0.50. a giandparent ranked into first posidon foi' "6^ 
hybrids and Into second position for 57% hyhridi; ^"th 
P = 0.99 a grandparent ranked into firsc place in 
of hybrids. .At P 0.50 nvo grandparenK ranked into 
first and second posidons for 43^ hybrids and into the 
first three positions for an additional 9% hybrids. Moiit 
of the remaining inbreds that ranked into the top tivo 
positions were progeny of the grandparent. A total of 
103 grandparents ranked into the cop five posidons 
when P = 0.30: 93 rtinked into these positions when - 
0.99. Sevent^-^one grandparents ranked into the top two 
posiuona when P = 0,50; 55 grandparents ranked into 
these posidons when P = 0.99, The mean probability* 
of a grandparent in the top two po-siuons was 0.9tiS3 
(SD 0.U54) when P - 0.5 0 and 0.998 0 (SD 0.0104) 
^hen P = 0^y9rOuf~algoruhrti was written lo i^etfiify" 
pairs of ancestors; alternative algorithms could be tai- 
lored to idendfV' all grandparents once parents had been 
idendfied and removed from the list of candidate in- 
brcds. 

We have demoustrated the capability and robustness 
of an algorithm that can be used to show probability of 
parentage in circumstances where the a priori pedigree 
identity of nehher parent id known. E^^cUwionsare taken 
into account, thereby altovring parentage to be shi»\vn 
eien when the; tvo par^rnts are not represented in the 
databiLse of molecular profiles diat arc e\;unintxl. Het- 
ero-fi>'gous candidate parents can btr aceoctmiodLUe-d. 
The number of loci tinu is necessary to pr^ivide reliiihlc 
basts t;f deterniinin;.^ ptfdit;ree is depenflent upt>n rhe 
degree of relatedne<s ,mioiv4 parcno and nitnp.urtu.-s 
and upon the ili^rriminatoiv ability of the /uarkt-r *iy^ifni 
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in ihu' spr-cifs orimi.TcHi. i Mn-x t* = (MJ^* cfnnpurccl u* 

with ;i t;rc;aci' tlUVcrcitCv piobabiliry to pluccd 
ui>tipiu"l'ta>. 11 ilicic- i.s rc'.iM>n;U»ic .issLirmn^c ii\at tlic 
Oixvijnis are iimiMi^ iWf caiulkliUc list of inhrecU. cb«n 

= f)/jy should Ix.' u^tf^l: grcucL-:- rohusmoss is re- 
quired. tl\t:a P = 0.30 should be* usee!. 

AppUL'AUons of oiii dl^'oi'ithni irichide d\e idencifica- 
tion of pcdlgrct;:t amoixg tndividudls of plum or animal 
species where molecuUr profile dutosets exist that cnn 
be Interpreted In cemis of segregacing alleles at individ- 
ual marker loci ajid that provide n sufncicnt power of 
discriininution. CapnbiUiics to gei^emtc large datascL-i 
of suitable molecular profile data are already available 
and are increasing rapidly v.ith the advent of single 
nucleotide polymorphisms. One further application of 
our algorithm is to assist in thtf protection oFiiuellectiuil 
propertv' that is obtained on plant varieties or upon 
specific dams or sires of animals through the determina- 
tion of pedigrees. 
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What is an "Essentially H rived Variety"? 



The concept of essentially derived vsrlety was introduced Into the 1991 Act of the UPOV 
Convention in order to avoid plagiarism through mutation, multiple back-crossing and to 
fill the gap between PlaALBlQsder;s Rights and patents, gap which was becoming 
Important due to the deveTopment of the use of patented genetic traits in genetic 
engineering. 

An essentially derived variety is a variety which is distinct and predominantly derived 
from a protected initial variety, while relaining.the essential characteristics of that initial 
variety. 

As Indicated as an example in the UPOV Convention, essentially derived varieties may 
be obtained by the selection of a natural or induced mutant, or of a somaclonal variant, 
the selection of a variant individual from plants of the initial variety, back-crossing, or 
transformation by genetic engineering. 

The commercialisation of an essentially derived variety needs the authorization of the 
owner of the rights vested in the initial variety. 

The concept of essentially derived variety does not at alt abolish the Breeder's 
Exemption, as free access to protected plant varieties for breeding purposes is 
matntained. It is not a threat to biodiversity. On the contrary, It favors biodiversity, 
encouraging breeders developing and marketing original varieties. 
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INTESKATIOMAL CONVSNTZ M 
FOR THE 

PROTECTION OF VARIETIES OF PlJ^TS 

of Deoember 2/ 1961r as revised 
at Geneva on November 10 , 1972/ 
on October 23^ 1578f and 
on March 19, 199X 



adopted by the Piplomatic Conference 
on March 19, 1991 

reproduced from tIPOV Publication Kq* 43d (C] 

"i'SSue~Hov-63-^Cf~"Ptent-7«iety-Protection'*- 



199X Act of the Convention 
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i„. . Article 17 '• 

gxaMiaAticft of the Application I .* 

Any decision to grttnt a b£«ttd«r'fi right «hall retire «n exaBinAtioa £or' 
cpapiiftACe with the conditions undaf Articled S to 9. *In thd 'bourse o£ the 
•XAvinationr the aueharity sAy grow th« v«riefcy or c&xry out oth«e AeoesQaiy" 
tests # Oause the growing o£ th« VA£i«ty 0£ the carrying Out of OthdC AecCdB^ry 
testa, ot take into account the results of growing testa oc other trials which 
have already been carried out. For the purposes ot exanlnatioxi^ the authority 
may requiie the breeder to furnish all the a«cessary iaformatloOf doeuDents or 
mteciAl. 

Article 13 
Provioiooal Protection 

sach contracting ' Pert y shall provide meesurea designed to safeguard the 
interests of the breeder during the period between the filing or the publics^ 
~) tion of the applioatlon for the grant of a breeder'^ right and the grant of 
that .right. Bucb keasuces shall hav« the effect that the holder of a breeder^ a 
eight shall at least be entitled to equitable reounetation from any person vho, 
during the said period^ has carcied out acts «rhich, once the right is granted, 
require the breeder's authorisation as provided in Article 14« A Contracting 
Party may provide tbat the said aeasures shall only take e££ect In relation to 
persons vhoa the breeder has notified of the filing n£ the application* 



THE SIGHTS OF M 

Article H 
gcQpe q£ th^ Breeder 'a Right 

II) C Acta in respect o£. the propagating Material 1 (a} Subject to Articles IS 
and 16, the following acts in respect of the propagating uaterial of the pro-^ 
tected variety shall require the authorization of the breeder: 
(i) production Of reproduction {nultiplication) # 
{11) conditioning for the purpose of propagation^ 
(ill) offering for sale, 
(iv) selling or other marketing, 
(V) exporting, 

(vi) lBporting» • ■ 

Cvii) atcicking £or any of the purposes Aentioned in.(i} to (vi)« above< 

(b) ,Me breeder uy naite hie autborlzatioa subject to conditioos and 
lisltat'iona,' ' 



(2) t Acts in respect of the harvested aatariai ] Subject to Articles 15 
andjlfif^the acts referred to in iteffls (i) to (vil) of paragraph (l)(a) in 
r«spee]t ' o£ ' harvested Skaterial# Including entire plants and parts of plant9# 
obtained 'through the 'oaaathorized use of propagating saterial of the protected 
variety e'hAll't^ire the authorization of the breeder « unless the breeder batt 
bad * eeaeoiiahla ' oppovtuaity to exercise his right in relation to the ea'id 
propagating Baterial. 
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(3) [ AcfcH In caapqce of certealn product& l R«ch Conkracting Party nay p£ovia« 
thAt, •ubject to Articles 15 and 16, the acta re«err«d to in Items (i) fcg (vil) 
of paragrapA (l|(a) in refipect o£ products made directly tzom harvested nate- 
rial ot the protected variety fAlUng within th« provisions o£ pA^agraph (2)^ 
through the unautboclced use of the said harveotsd Anterial ahAll tequl r*' ihe' 
authorisation of the hreeder, uzileafl the breeder h«9 had reasonable opportunity' 
to exerolae hla right in celation to the Aaid harvested material. 

(4) t P06_3iblft additional aote ] JE^qh Conttaoting Party nwy provide thttt,*»ub- 
j«et to Articled 15 and 16 r acta other th^ thoae referred to in items (i) to 
(vii) of paragraph (l>(a) shall also require the Authorization of the breeder* " 

(5) [ Bgggntiallv derived and certain other varietlcc l (a) The provisions of 
paragraphs (i) to (4> shall also apply in relation to 

(I) varieties which are essentially derived from the ptoteeted variety^ 
where the protected variety ifi not ltsel£ a& essentially derived variety, 

(ii) varieties which are not clearly dlHtingulshahle in accordance with 
Article 7 Itom the protected variety and 

(ill) varieties whose production reguires the repeated use of the protected 
variety* 

(b) For the purposed Of Subparagraph (a) (IK « variety shall be deemed to 
be essentially derived froA another variety ("the initial variety*) when 

Ci) it is predominantly derived froa the initial varietyr or from a variety 
that ia itself predoninantly derived fron the initial variety, while retaining 
the expression of the essential oharscterlfitica that result from the genotype 
or combination of genotype^ of the initial varietyr 

(11) it is clearly distinguishable from the initial variety and 
(ill) except for the differences which result front the act of derivation, it 
conforms to the initial variety in the expression of the essential characteris- 
tics that result fron the genotype or combination oC genotypes of the initial 
variety. 

(e) essentially derived varieties nay be obtained Cor example by the Aeleo- 
tion of a natural or induced mutant, or of a sonaclonal variant # the selection 
oC a variant individual from plants of the Initial variety, baokcrosslng^ or 
transformation by genetic engineering. 

Article 15 
Eaceentions to the Breeder's Bight 

<1} t Coippulsory exceptions ] The breeder's right shall not eaetend to 
ti) acts done privately and for non-conaercial purposes « 
(ii) acta done for experimental purposes and 
(Hi) acts done for the purpose of breeding other varieties, and, except 
where the provisions of Art icle 14(5 } apply, acts referred to in Article 14(1) 
~t^r4r~io respecirof~such other varieties* — ^ 

|3) C Oetlonnl except ion ] notwithstanding Article 14 1 each Contracting PA^tY ^. 
kay, yithln reasonable limits and subject to the safeguarding of the lejgitlna'te 
lntoca«t« QC the .braederi restrict the breeder's right in relation to «ny 
varlaty In ftyder to permit £araers to use for propagating purposes i on tfteir^^'^ 
awn holdings,* the product Of the harvest which they have obtained by planting*" 
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Attorney Docket No. 1368 

IN THE UNITED STATES PATENT AND TRADEMARK OFFICE 

Applicants: Louis Brian Chapko and Date: Dec. 10, 2002 

Todd Elliott Piper 

Serial No.: 09/759,800 Group Art Unit: 1638 

Filed: January 12, 2001 Examiner Ashwin D. Mehta 

For: "INBRED MAIZE LINE PH7JB" 

Assistant Commissioner for Patents 
Washington, D.C. 20231 

RULE 132 DECLARATION 
OF 

DR. STEPHEN SMITH 

Sin 

I, Stephen Smith, PhD., do hereby declare and say as follows: 
1 . I am skilled in the art of the field of the invention. I have a Ph.D. in Biochemical 
Systematics and Taxonomy of Maize and its Wild Relatives from Birmingham University. 
I have a M.Sc, in the Consen/ation and Utilization of Plant Genetic Resources from 
Binningham University. I have a Bachelor of Science degree in Plant Sciences from 
London University. Since 1977 I have been engaged in the development, study and 
application of molecular markers to genetics, measuring genetic diversity and tracking 
pedigrees. I commenced this work at North Carolina State University as a post-doctoral 
research fellow. I have continued my engagement in these studies during my 



employment by Pioneer Hi-Bred from 1980 until the present. These studies have 
resulted in numerous scientific articles that have appeared in peer reviewed scientific 
literature. 

2. I have read and understood the Office Action in the above case dated September 
4, 2002. This declaration is in response to the Examiner's rejection under. 35 U.S.C. § 
102(e) as anticipated by or, in the altemative, under 35 U.S C. § 103(a) as obvious over 
Piper (U.S. Patent No, 6,188,001). 

3. I have conducted an analysis of SSR mariner data for inbred PH7JB and the 
inbred cited as prior art, PH1 WO. Out of a total of 147 SSR lod examined, which 
allowed a sampling of each chromosome, there are 21 marl<:ers that show differences 
between PH7JB and PH1 WO. This represents a difference for 14% for the markers 
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tested. Of these 21 markers. 13 were greater than 50 oM in distance, or unlinked on the 
genetic map. 

4. Upon crossing PH7JB to any other maize iine and selfing successive filial 
generations, one would within the realm of what is statistically possible, obtain a progeny 
inbred maize line that retains genetic contribution from PH7JB. Assuming that (i) the 
cited prior art is used as the maize line to which PH7JB is crossed, (ii) that the only 
difference between PH7JB and PHI WO are these 21 markers, and (iii) that all markers 
within a 50 cM distance will segregate together, then the odds of obtaining a PH7JB 
progeny inbred that is the same as PH1W0 after one cyde of breeding, is 1 in 2^^ or 1 in 
8,192. Statistically it is extremely unlikely that a PH7JB progeny, after one cycle of 
breeding, would be the same as PHI WO. 

5. Further, the assumptions made above vastly overstate the likelihood of breeding 
PH7JB from PHI WO. For example, it is common practice in quantitative genetics to 
determine the relation of plants by differences in markers. In doing so, one extrapolates 
that a percentage difference in markers is indicative of a difference in the whole genome. 
To assume that the only differences between PH7JB and PH1W0 are for these 21 
markers, when 21 markers constitute 14% of the 147 SSR loci examined, is a gross and 
unrealistic assumption. Further the current maize genetic map only has approximately 
sixty 50cM units, so by applying this limitation the maximum number of independently 
segregating loci one could obtain, using the most different maize lines that could ever be 
found, is sixty. These assumptions result m an over estimate of the odds of breeding 
PH7JBfrom PH1W0. 

6. Given the difference In molecular markers between PH7JB and PHI WO, it is my 
expert opinion that PH7JB and PHI WO are very distinct inventions. It is also my expert 
opinion that, within the realm of what is statistically possible, any progeny of PH7JB 
developed through crossing PH7JB with another plant will be distinct from PH1W0. 
Given the facts and based on my education and scientific experience. I believe that the 
invention as claimed is not obvious nor anticipated by Piper (U.S. Patent No. 6,188,001). 

7. I hereby declare that all statements made herein of my own knowledge are true 
and that all statements made on information and belief are believed to be true; and 
further that these statements were made with the knowledge that willful false statements 
and the like are punishable by fine or imprisonment, or both, under Section 1001 of Title 
18 of the United States Code and that such willful false statements may jeopardize the 
validity of the application or any patent issued thereon. 
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Date: Qr^ //^ 2^^ By:_ 



Stephen Smith 
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ATCC 



loaol t'Biveriify B^d * .vranassas, VA 20110-2200 • telephone; 703-3*5-2700 • FAX: 703-365-1743 

The Amencan Type Culture Collection (ATCC) has received your deposit of seeds in connection with the filing of an 
application for patent. The following Information is provided to fulfill Patent Office requirements. 



Name and Address of Depositor: 



Deposited on Behalf of: 

Date of Receipt of Seeds by the ATCC: 

Scientifi c Deecriotion 

Inbred corn (maize) seed {B1PNE1 1966-01 HP) 



Pioneer Hi-Bred International, Inc. 

Attn: Kim M. Hagemann n/^^/^y^CTCf ITN 

7100 NW 62^^ Avenue WWUrXC I CU 

PO Box 1000 ^ifj: 1 ^nn? 

Johnston, lA 50131-1000 " ' - 

Pioneer Hl-Brecf International, inc. 

July 8, 2002 

DeDositor's Reference Patent Deoosit Desionation 

PH7JB' - Tier/,? PTA^531 



The ATCC understands that: 

1 . The deposit of these seeds does not grant ATCC a license* either express or implied, to infringe the patent, 
and our release of these seeds to others does not grant them a license, either express or implied, to infringe 
the patent. 

2. If these seeds should die or be destroyed during the effective term of the patent, it shall l^e your 
responsibility to replace them with living seeds of the same type. Itjs_afso^oyi^'".esponsibility-to-3uppiy'a 
sufTicient '^'jsntit^' for d is tf\b u ti on fo r_tbe-de&gsl t-tsrm; — 



Prior to the issuance of a U.S. Patent the ATCC agrees in consideration for a one-tJme service charge, not to 
distrtoute these seeds or any information relating thereto or to their deposit except as instructed by the depositor or 
relevant patent office. After a relevant patent issues, and we are instructed to release the seeds, they will be made 
available for distribution to the public without any restrictions. 

The ATCC agrees to maintain the seeds for a period of 30 years from deposit date, or 5 years after the most recent 
request for a sample, whichever is longer. 

We will inform you of requests for the seeds for 30 years from date of deposit. 
The seeds were tested July 16. 2QQ2 and were viable. 

American Type Culture CoKectton 

B y X^Mz VU'^ 

Marie Harris, Patent Specialist 
ATCC Patent Depository 

Date: July 30, 2002 
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